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Sir : 

DECLARATION OF CARLOS FORRAY PURSUANT TO 37 C.F.R. §1.132 

I, Carlos Forray, hereby declare as follows: 



1. I am a Director of Cellular Sciences, Automation and 
Information Technology at Synaptic Pharmaceutical 
Corporation, the assignee of record of the subject 
invention. I hold a Medical Doctor degree and have 
practiced pharmacology for more than 25 years. A copy of 
my curriculum vitae is attached hereto as Exhibit 1. 

2 . I have reviewed the Final Office Action issued by the 
United States Patent and Trademark Office on December 21, 
2001, wherein the pending claims 1-24 directed to methods 
of treating urinary incontinence in a human were rejected 
as not enabled by the specification of the subject 
application. I have additionally reviewed the subject 
application . 



3. I understand that claims 1-24 are being rejected under 35 
U.S.C. §112 in part because the Examiner alleged that the 
specification, while being enabling for treating murine 
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urinary incontinence with compound 1 and compound 2 which 
activate the human 5-HT 1F receptor in an in vitro 
experiment, does not reasonably provide enablement for 
treating any kind of subject suffering from urinary 
incontinence by administering a therapeutically effective 
amount of a 5-HT 1F receptor agonist which activates the 
human 5-HT 1F receptor and can treat one subject suffering 
from urinary incontinence. 

4. In the subject application the effects of 5-HT 1F selective 
compounds on the micturition reflex were assessed by their 
ability to inhibit the distension-induced rhythmic 
contractions of the rat bladder (the DIRC model) . (See the 
specification as originally filed on page 22, line 25 
through page 24, line 8.) T he DIRC model i s a rat in vivo 
model that is widely c on s i de red by t ho s- e 1 1 e d^jm the art 
to be predictive for the jactiv^^^ 

t reating human urinary_i^o^t^nence (sometimes referred to 
as detrusor instability or unstable bladder) . Urinary 
incontinence is the involuntary passage of urine from the 
bladder. I note that underlying conditions that result in 
what is clinically known as incontinence include overactive 
detrusor, overactive bladder, and interstitial cystitis. I 
also note that the DIRC model is also referred to as the 
volume- induced contractions of rat urinary bladder model. 

5. In support of my statements in paragraph 4 above, that it 
is well-known to those skilled in the art that the DIRC 
model is predictive for the efficacy of compounds to treat 
urinary incontinence in humans, I note the teachings of the 
prior art. As described in Pietra, C, et al . (Effects of 
some antidepressants on the volume- induced reflex 
contractions of the rat urinary bladder: lack of 
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correlation with muscarinic receptors affinity (1990) 
Pharmacological Research, 22 (4) : 421-432, a copy of which 
is attached as Exhibit 2), the prior art teaches that^ ^j^L, 
micturition ref lex p^thwa^ and 
humans and that^the .m^tja^tion reflex can be monitored in 
vivo by measuring the volume- induced ^o^ 

rat bladder. Pietra et al . (Exhibit 2) state on page 422, 
lines 2-6 that Mi]n both animals and humans micturition is 
initiated and maintained through the activation of a 
supraspinal vesicovesical micturition reflex pathway which 
can be monitored indirectly by recording the rhythmic, 
large amplitude intravesical pressure waves which occur 
when the bladder is distended and maintained under constant 
volume conditions" . 

6. It was well known to those skilled in the art prior to 
November 29, 1999 that compounds could be tested in the 
DIRC model to predict the activity compounds will have in 
treating human urinary incontinence. One example, PCT 
International Publication No. WO 97/31637 (Use of 5-HT 1A 
Antagonists for the Treatment of Urinary Incontinence, 
published September 4, 1997, a copy of which is attached 
hereto as Exhibit 3), teaches that 5-HT 1A antagonists were 
tested in the rat volume- induced contractions model to 
determine the predictive efficacy of 5-HT 1A antagonists for 
the treatment of urinary incontinence. PCT International 
Publication No. WO 97/31637 (Exhibit 3) states on page 7, 
lines 3-5 that the described rat in vivo models "were 
originally used to validate the predictive qualities of the 
true serotoninergic 5-HT 1A receptor antagonists for the 
foregoing urinary tract disorders . " 



7. Examples of drugs that are active in this model and are 
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also used therapeutically in humans to treat urinary 
incontinence were well-known to those of ordinary skill in 
the art as of November 29, 1999. One example, Morikawa, K., 
et al . (Inhibitory effect of inaperisone hydrochloride 
( inaperisone ) , a new centrally acting muscle relaxant, on 
the micturition reflex (1992) European Journal of 
Pharmacology, 213 : 409-415, a copy of which is attached 
hereto as Exhibit 4), teaches that baclofen, a compound 
known to be "clinically useful for the treatment of 
patients with unstable bladder symptoms", and oxybutynin, 
a compound known to be "clinically useful for the treatment 
of detrusor instability", are active in the DIRC model. 
(See Morikawa et al . (Exhibit 4) on page 409, column 1, 
paragraph 1, lines 6-7; and page 409, column 2, lines 15- 
16. ) 

8. A second example, Guarneri, L. et al . (Effects of drugs 
used in the therapy of detrusor hyperactivity on the 
volume- induced contractions of the rat urinary bladder 
(1993) Pharmacological Research, 27 (2) : 173-187, a copy of 
which is attached hereto as Exhibit 5), teaches that 
nifedipine and terodiline, "drugs most commonly utilized in 
the therapy of overactive detrusor" are active in the DIRC 
model. (See Guarneri et al . (Exhibit 5) page 173, paragraph 
1 of the summary, lines 1-2.) 

9. A third example, Pietra et al . (Exhibit 2) teaches that 
imipramine and nortryptyline are active in the DIRC model. 
Pietra et al . (Exhibit 2) states on page 422, lines 7-8, 
that "[t]ricyclic antidepressants, particularly imipramine, 
have come to be accepted for the treatment of enuresis and 
a number of other micturition disorders." Enuresis is 
incontinence (involuntary passage of urine) that occurs at 
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night or during sleep. 

10 . Those skilled in the art would also know from the teachings 
mentioned hereinabove that the DIRC model is useful for 
predicting the efficacy of compounds that have diverse 
modes of action. The prior art teaches that the DIRC model 
is predictive for 5-HT 1A antagonists (see Exhibit 3), GABA B 
receptor agonists or anticholinergic compounds (see 
Exhibit 4), "mixed" anticholinergic and calcium antagonist 
compounds (see Exhibit 5), and tricyclic antidepressants 
(reuptake inhibitors) (see Exhibit 2). These teachings 
support the DIRC model's wide range of applicability. 

I hereby declare that all statements made herein on my own 
knowledge are true and that all statements made herein on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under §1001 of Title 18 of the United 
States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
thereon . 
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SUMMARY 

It has been suggested that tricyclic antidepressants such as imipramine, might exert 
their anti-enuretic action by a blockade of muscarinic receptors in the detrusor 
muscle of the urinary bladder. We have therefore, investigated the effects of two 
tricyclic (imipramine and nortriptyline) and three atypical (citalopram, amineptine 
and mianserin) antidepressants on the micturition reflex and muscarinic receptors 
in rats. The micturition reflex pathway was monitored indirectly by recording the 
rhvthmic intravesical pressure waves which occurred when the bladder was 
distended and maintained under constant saline-volume. The activity -of the 
antidepressants was correlated to their potencies as antagonists of I HJUNB 
binding to rat brain (mainly Ml receptors) and bladder (mainly M2 receptors) 
membranes, as well as antagonists of carbachol-induced contractions of rat bladder 
strips. Only imipramine and citalopram dose dependently inhibited the voiding^ 
contractions, whereas nortriptyline, imipramine and mianserin (in order ot 
potencv) were active both in binding studies and as competitive antagonists of 
carbachol-induced bladder contractions, but were inactive m inhibiting the 
micturition reflex. The present data seem to suggest that affinities for muscarinic 
receptors are unrelated to the inhibition of micturition reflex. 

Key words: antidepressants, micturition reflex, muscarinic receptors. 

INTRODUCTION 

The detrusor and the bladder outlet are a coordinated unit permitting storage and 
expulsion of urine. Urine storage and timely expulsion of bladder content are 
produced through the coordinated activation of a series of reflexes involving 
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cholinergic, sympathetic and, possibly, purinergic, serotonergic and peptidergic 
innervation [1, 2 and references therein!. Inbo th animals a nd humans micturition is 
initiated and maintained thr^LJiie^ac^ ^ of a suprasp inal vesicovesical 
' iiiicimll ' lon rellex paTE w^ be monTForeQ lndirecilyby recordm gjhe 

JhfiEnucnaTze amplitude intravesical pressure waves w hich occur wliefTThe 
bladder is distended and maintained under constant volume conditions [3-5]. 

Tricyclic antidepressants, particularly imipramine, have come to be accepted for 
the treatment of enuresis and a number of other micturition disorders [6-8]. 
Despite the conflicting reports about their mechanism of action, most pf the 
evidence suggests that their activity might be related to a preferential blockade of 
cholinergic muscarinic receptors in the detrusor muscle [9]. However, most of the 
evidence on which this assumption is based has been obtained by in vitro studies on 
whole bladder or bladder strips- of different animal species [10-12] as well as on 
muscarinic receptor populations in homogenized .tissue preparations [9, 12]. 

We have therefore investigated in vivo, the effects of some antidepressants 
belonging to different chemical structures on the rat micturition reflex. The 
relationship between in vivo activities and in vitro affinities with rat brain (mainly 
Ml) and bladder (mainly M2) muscarinic receptors [13], as well as the inhibitory 
effects against the carbachol-induced contractions of rat bladder strips, were also 
investigated. Imipramine and nortriptyline were chosen as tricyclic antidepressants 
with proven affinity for muscarinic receptors and as drugs utilized in the therapy of 
enuresis or depression associated with incontinence. Citalopram, amineptine and 
mianserin, second generation antidepressants, were studied to assess if these new 
drugs are endowed with an inhibitory effect on the volume-induced bladder 
contractions and if this effect could be related to an anticholinergic activity. 

MATERIALS AND METHODS 

Three batches of ( - )PH]quinuclydinyl benzilate, [ 3 H]QNB, with specific activity of 
31-9, 43-5 and 45'-7 Ci/mmol respectively were used (New England Nuclear). 
Antidepressants were obtained from commercial sources. Male and female 
Sprague-Dawley rats [Crl:CD° (SD) BR] from Charles River Italia, weighing 
200-250 g were housed five/cage, with food and water ad libitum and kept in an 
animal room at constant temperature of 22°C with a 12 h alternating light-dark 
cycle. 



-Rat urinary bladder preparations 

The in vivo studies were carried out according to the method reported originally 
by Dray [14] with some modifications. The urinary bladder of anaesthetized rats 
(urethane l-5g/kg i.m.) was catheterized via the urethra by use of PE 50 
polyethylene tuning filled with saline. 

The catheter was tied in place with a ligature around the external urethral orifice 
and intravesical pressure was monitored by a conventional pressure transducer 
(Gould-Statham P23ID) and displayed continuously on a chart recorder (Battaglia- 
Rangoni). 
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warmed (37°C) saline until bladder-contraction occurr e<M y ^ . 

result of central activity. Volume-indu ed we e ^ Dfug 

occurred rhythmlcally^ndrepi^ 
^Mty^a^e^Frrrrach ^^.^^^"nous tdministration of 

blood pressure by a pressure transducer ante l*^^^ was studied on rat 
The in vitro inhibition of carbachol - induCe J^ and the 

detrusor strip preparations. The rats ^^^^L^{tbr compoA^n, 
bladder was taken out and .mmediately placed m Krebs so^ho [ 
see below). The detrusor muscle «^ j"*^^ ^unng approximately 
direction and further dissected into stnp P"^^™" 10 ml P 0 P rgan baths 
2x20mm. The strip preparations were transferred to IV g 
containing Krebs solution of the lowing ^P«*- N.C ^ ^ ^ 
CaCl 2 1-5, MgS0 4 -7H 2 0 1-11 KH 2 F 0,1V ^ ^ Q (5%) ^ q 2 

^^^^^ 

increased on.y after the response ,0 .he ^™% 6 ™„\ffjl *« t»* •«> 

jests irrrra-on'r^s «~ °< — 

was performed- 

[iH\QNBbmdmgstudies ^ in rat brain (mi nus 

Cholinergic muscarinic binding sites were - Yamamura and 

cerebellumj.membranes according to ^"^^Se rats were decapitated 
Snyder [15] with 'minor modifications. For these studies, male sucrose 
and" the brain rapidly removed a^o^^e^edu, ^l^o (1000 g) for 
using a Polytron homogenizer. The hom °g enat ^ Wer . imme diately. Aliquots of 

10 min and the ^P^^^ST^^ -TS buffer <P H ?>4) 
30 ,1 we re ^-^n^i^ eventration), 10 * of unlabel.ed 
containing 10 /d of 1"JUN» u . * \ ethanoL incubation was done in 1ml 
drug (dissolved in fap^futration through Whatman GF/B 

polyethylene tubes, and was te ™ nat * a °* JLn pUtCTS we re washed three times 
filters using semiautornatic ^J^* was tified by , iqu id 
with cold phosphate ^^^^S^^^^^ 
scintillation spectrometry (LKB 1 2 1 . / ^ f f r D ^ usc ; rinic binding waS defined as the 
with 4 ml of filter-count (Packard). SP^ m ^TJ£ to the presence of atropine 
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■ =^0°erThe^laaaefs were tTornogenued in 10 volumes of an ice-cold 0-05 m Na- 

K buffer (pH 7-4) containing 10" 3 m phenylmethylsulphonyl fluoride (PMSF, a 
protease inhibitor), using Polytron equipment. The homogenates were diluted with 
the ice-cold phosphate/PMSF buffer to 375 volumes of the original wet weight and 
filtered through a double layer of gauze. Aliquots of 1 ml of homogenates were 
incubated for 3 h at 25°C with 10 /A PHjQNB (1 nM final concentration), 10 [A of 
unlabelled drug (dissolved in ethanol) or 10 /*1 of ethanol. For filtration and 
determination of specific binding, see above. 

Statistical analysis 

Owing to the high level of variability observed in the inhibition of frequency of 
the bladder voiding contractions, the all-or-none criterion was introduced to assess 
drug effects by considering positive effect when the inhibition was > 50%. Quantal 
dose-response curves were evaluated by the method of Bliss [1 7], computerized on 
Wang PC according to the indications reported by Rosiello etal [18]. 

Dose-response curves (binding studies and carbachol-induced contractions) 
were always analysed by simultaneous non-linear curve fitting of the logistic 
equation: y={a- d)/[l + [xfc) b ] + d according to the method reported by De Lean et 
al [19]. In the equation y is the response; x the arithmetic dose; a the response 
when x—0\ d the response for Infinite* dose; c is the IC fl0 , i.e. the concentration 
resulting in a response halfway between a and d; and b is a slope factor that 
determines the steepness of the curve. Curve fittings were performed on IBM PC- 
AT utilizing the ALLFIT program (from NIH). In the binding studies, the IC 50 
values (and the corresponding 95% confidence limits evaluated by ALLFIT), were 
converted in. the apparent inhibition constants {IQ using the equation: K^^\C 50 / 
(1 + [L]/K d ) [20]. In the carbachol cumulative dose-response curves, a value was 
always constant and = 0. Schild-plot parameters (pA2 and pD'2) were evaluated by 
linear regression anaJysis using a LOTUS spreadsheet according to Tallarida and 
Murray [21]. 

RESULTS 

Intravenous administration of different doses of imipramine and citalopram 
f inhibited the high-amplitude and low-frequency rhythmic intravesical pressure 
waves which occurred when the bladder -was distended arid maintained under 
constant volume conditions. These effects occurred rapidly and were also 
characterized by a slight non-dose-related decrease in the amplitude of the 
contractions, as shown in Fig. 1. The number of animals showing more than 50% of 
inhibition in the freq uenc y of vojding jrojatraetions increased dose dependency 
aftefTlTe'se two d'rugs (Table I), and allow us to calculate an ED^ value of 1-08 
(0-63-1-86; 95% CL) and 2-23 (1-42-3-49; 95% CL)mg/kg for citalopram and 
imipramine respectively. The administration of nortriptyline and mianserin induced 
in some animals a mapked inhibition of the contractions, but the effects were not 
dose-dependent. Moreover, in some animals these two antidepressants induced 
also a marked ( > 50%) increase in the frequency (3/15 at 1 mg/kg for nortriptyline 
and 2/5 at 0-5 mg/kg for mianserin). Amineptine was virtually devoid of effects in 
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Drugs 



lmipramine 

Nortriptyline 

Citalopram 

Amineptine 

Mianserin 



0-25 


0-50 


Doses {mg/kg) 
1 * 00 


n.t. 


0/4 


2/7 


0/5 


4/13 


4/15 


0/5 


2/8 


5/7 


0/8 


2/8 


2/8 


0/5 


3/5 


1/5 



2 • 00 


4-00 


2/7 


8/10 


4/10 


1/14 


4/7 


6/7 


0/9 


1/7 


2/7 


2/9 



coniracuuujv 

n.t., not tested. 

■M 00 dTn^-l<^»"»;*f r i ^St«ly aft" drug inject.on G 

Sed a ^Listen, ^^"tSradErSion) that « «B p«-> »J£ 
dias ,oBc bufod pressure Rafter respectively ). The inhitanon of .he votdtng 
after injection (-29 ana 
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"contractions appeared' therefore" unrelated to the cardiovascular effects of the 
tested antidepressants. 

To test whether the inhibition of bladder voiding contractions exerted by 
antidepressants could be related to an antagonism against the muscarinic receptors, 
binding studies on [ 3 H]QNB displacement from rat brain and bladder membranes 
were performed, together with functional studies in which the compounds were 
tested on carbachol-induced contractions of rat bladder strips. The affinity data 
obtained from binding competition curves are summarized in Table II. In our 
experimental conditions, K d values of the tritiated ligand were 0- 104 and 0- 16 dm 
for brain and bladder membranes respectively. Nortriptyline and iiruprarnine were 
more active on Ml than on M2 receptors (nortriptyline being more active than 
imipramine), showing values in the nanomolar range. Mianserin was equally 
potent on both types of receptors, and its K> was close to the micromolar 
concentration. Citalopram behaved as mianserin but was less active with a value 
of about 10 //m. Amineptine was always inactive. The slopes of the curves were 
close to unity, suggesting that the inhibition curves are compatible with a one- 
binding site model. 



Table II 

Inhibition of pHJQNB binding in rat brain (muscarinic Ml receptors) and urinary 
bladder (muscarinic M2 receptors) by antidepressants 



Drugs 


Brain 


Slope 


Bladder 


Slope 


Imipramine 


317 
(284-355) 


1-01 


1150 
(811-1635) 


0-90 


Nortiptyline 


208 
(156-278) 


0-94 


896 
(732-1100) 


1-05 


Citalopram 


9089 
(4069-20 299) 


0-92 


12 503 
(9618-16 253) 


0-93 


^Lmineptine 


> 10 000 




> 10 000 




Mianserin 


2095 
(1862-2648) 


1-01 


1416 
(1010-1987) 


0-90 - 


Atropine 


4 

(3-5) . 


0-90 


6 

(5-8) 


1-02 



Data represent the apparent inhibition constants (K-X the 95% confidence limits (in 
parentheses) and the slopes of the curves, evaluated as reported in Methods. 



Imipramine, nortriptyline and mianserin were also the most potent compounds 
in inhibiting the carbachol-induced contractions of rat bladder strips (Table m). In 
the presence of the lower concentrations of the compounds, there was an almost 
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Drugs 


K;(nu 


Imipramine 


269 


Nortriptyline 


213 


Citalopram 




Aminepiine 




Mianserin 


371 


Atropine 


0-63 



pA2±st- 

6*5710-13 
6*67 + 0-12 



6*4310* 12 
9-2010-13 



pD2±sE 
5-4810-10 
5 *09 ±0-04 

4- 9210-14 
<4-50 

5- 0410-04 



epresent the concentration oi 
arbachol-induced contraction. 



— , not present. 






no 






100 






90 






80 




c 
o 


70 




o 


60 




"c 
o 
o 


SO 
40 






30 






20 






10 






0 








8 
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not pure competitive a ntagoiiisis^JZualo^amJiu^ 

antagonism. Although the carbachol maximum contraction was significantly 
decreased by increasing doses of the compound, no changes in the ED 50 of the 
agonist were observed at concentrations up to 15-6 //m. Amineptine was 
completely inactive up to a concentration of 3 x 10" 5 m. 





-4 

log [carbachol] m 



Fig. 3. Dose-response curves of the contractile effect of carbachol. in rat bladder and in the 
presence of increasing concentrations of imipramine. Other details as indicated in Fig. 2. 
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Fig; 4; Dose-response curves of the contractile effect of carbachol in rat bladder and in the 
presence of increasing concentrations of citalopram. Other details as indicated in Fig. 2. 
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DISCUSSION 

— -T hi s- in vesd gaTfon— was" ^-prompt ed by die li^polhests—diar-sOmc Ul^clir 
antidepressants owe their anti-enuretic action to a preferential blockade of. 
cholinergic muscarinic receptors in the detrusor muscle of urinary bladder, as 
reviewed by Blackwell and Currah [6]. We have therefore examined the effects of 
two tricyclic (irniprarnine and nortriptyline) and three atypical (citalopram, 
amineptine and mianserin) antidepressants on muscarinic receptors binding sites of 
rat brain and bladder labelled by [ 3 H]QNB, on carbachol-induced contractions of 
rat bladder strips and on volume-induced micturition reflexes of rat urinary 
bladder. 

Nortriptyline, irniprarnine, mianserin and citalopram (in order of potency) 
displaced [ 3 H]QNB from rat brain membranes, whereas amineptine was inactive. 
These results are in agreement with previously reported data [22-24]. Irniprarnine 
and nortriptyline were significandy more active on brain Ml receptors than on 
bladder M2 binding sites, whereas mianserin and citalopram, in our experimental 
conditions, do not discriminate between Ml and M2 muscarinic receptors. 

It has been reported that tricyclic antidepressants preferentially antagonize M2 
sites [24]. This conclusion is based on the finding that in rat brain the 
antidepressants are much more potent antagonists of carbachol-induced inhibition 
of adenylate cyclase than of carbachol stimulation of inositol phosphates 
accumulation. In rat brain, phosphatidyl inositol accumulation is associated with 
muscarinic receptors of the Ml subtype, whereas adenylate cyclase is regulated by 
M2 sites [24]. However, in the bladder [25, 26] both second messenger systems 
seem to be associated with M2 receptors sites, that therefore appear different from 
the central ones. This difference in the nature of bladder M2 receptors could justify 
our findings. Moreover, it has also been reported [27] that irniprarnine shows better 
affinity for cortex than for guinea-pig bladder muscarinic receptors. 

Nortriptyline, jmipramine and mianserin, at the lower concentrations tested, 
showed a competitive antagonism against carbachol-induced rat bladder 
contractions, whereas citalopram. was a.non-competitiye antagonist and^rruneptine 
was inactive. At higher doses, all the competitive antagonists significantly depressed 
the maximum response of carbachol. These findings might indicate that other 
mechanisms of action are implicated in the inhibition of the in vitro muscarinic- 
induced contractions, such as an inhibition of the participation of Ca 2+ in the 
excitation-contraction coupling processes reporiedfor irniprarnine [10, 28]. 

Among the antidepressants tested, citalopram and irniprarnine only depressed 
the frequency of micturition reflex in a dose-dependent way. Nortriptyline and 
mianserin showed a dual effect (inhibitory and excitatory) and amineptine was 
practically inactive. Taken together, these results seem to indicate a lack of 
correlation between the activities on muscarinic receptors and the inhibition of 
micturit ion reflex. _ _ . - - 

The observed" effects on bladder contractions could be due to other mechanisms 
not involving acetylcholine, such as prevention of monoamines uptake. The 
antidepressants used are all reuptake inhibitors but with varying selectivities for 
noradrenalines (norepinephrine), serotonin and dopamine. Nortriptyline and 
mianserin are highly noradrenaline-selective, irniprarnine is noradrenaline- and 
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s^^^r? e ,T 6 :U n Ur f— sthetized rats activates . 
paLympatheS pdvic ne^e^ Bl^ ^se efferent hmb travels through the 

a^b!^^ activation of both excitator y 

excitatory effeT^ b^^fe tTSe" ^h"^ ^ 
opposite effects exerted bv ^S, ■ ^ observatlons c °"»d explain the 

de^ing^v^^ "> d ^renergic 

Durant and Y»lrch r£i fl? bladder tone in rats was recently reported by 

imiprjmine and nortriptyline in^SK S^^ST^* 
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TITLE 

Use of 5-HT 1A Receptor Antagonists for the Treatment of Urinary Incontinence 
DESCRIPTION 

The invention relates to compositions and methods for treating certain disorders of the 
lower urinary tract in mammals, including humans, using serotonin 5-HT 1A receptor 
antagonist compounds which exert their inhibitory effects via both pre-synaptic 
(somatodendritic) and post-synaptic antagonism. 

In mammals, micturition is a complex process which requires the integrated actions of 
the bladder, its internal and external sphincters, the musculature of the pelvic floor, and 
neurological control over these muscles at three levels (in the bladder wall or sphincter 
itself, in the autonomic centres of the spinal cord, and in the central nervous system at 
the level of the pontine micturition centre in the brainstem (pons) under the control of 
the cerebral cortex). Micturition results from contraction of the detrusor muscle, which 
consists of interlacing smooth muscle fibres under parasympathetic autonomic control 
from the sacral spinal cord. A simple voiding reflex is formed by sensory nerves for 
pain, temperature, and distension that run from the bladder to the sacral cord. 
However, sensory tracts from the bladder also reach the pontine micturition centre, 
resulting in the generation of nerve impulses that normally suppress the sacral spinal 
reflex arc controlling bladder emptying. As a result, normal micturition is initiated by 
voluntary suppression of cortical inhibition of the reflex arc and by relaxation of the 
muscles of the pelvic floor and the external sphincter. Finally, the detrusor muscle 
contracts and voiding occurs. 

Functional abnormalities of the lower urinary tract, e.g., dysuria, incontinence, and 
enuresis, are common in the general population. Dysuria includes urinary frequency, 
nocturia, and urgency, and may be caused by cystitis, prostatitis or benign prostatic 
hypertrophy (which affects about 70% of elderly males), or by neurological disorders. 
Incontinence syndromes include stress incontinence, urgency incontinence, and 
overflow incontinence. Enuresis refers to the involuntary passage of urine at night or 
during sleep. 

Prior to the present invention, treatment of neuromuscular disorders or the lower 
urinary tract has involved administration of compounds which act directly on the 
bladder muscles, such as flavoxate, a spasmolytic drug also active on the pontine 
micturition centre, or anticholinergic compounds such as oxybutynin. The use of 
aj-adrenergic receptor antagonists for the treatment of benign prostatic hypertrophy is 
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also common. However, treatments that involve direct inhibition of the pelvic 
musculature (including the detrusor muscle) may have unwanted side effects such as 
incomplete voiding or accommodation reflex paralysis, tachycardia and dry mouth. 
Thus, it would be preferable to utilize compounds which act via the peripheral or 
central nervous system, for example to affect the sacral spinal reflex arc and/or the 
inhibition pathways of the pontine micturition centre in a manner that restores normal 
functioning of the micturition mechanism. 

Lecci et al (J. Pharmacol Exp. Therapeutics. 262, 181, 1992) describe the effects of 
the 5-HT 1A receptor ligands 8-hydroxy-2-(di-N-propylamino)-tetralin (8-OH-DPAT) 
and 1 -(2-methoxyphenyl)-4-[4-(2-phthalimido)-butyl]-piperazine (NAN-190) on 
micturition reflexes in the anaesthetized rat. 8-OH-DPAT (an agonist) stimulated the 
supraspinal micturition reflex originating from the pontine micturition centre, while 
NAN-190 inhibited the supraspinal micturition reflex. The authors concluded that 
spinal and supraspinal 5-HTi A receptors modulate the supraspinal micturition reflex in 
this system. The present inventors, however, have found that the efficacy of NAN-190 
and other 5-HTi A receptor ligands in inhibiting the supraspinal micturition reflex is 
directly correlated to their relative binding affinities for the ai -adrenergic receptor, 
rather than to their affinities, if any, for the 5-HT JA receptor which called into question 
the relevance of the effects correlated to 5-HTi A receptor activity for lower urinary 
tract disorders. Finally, as discussed below, NAN-190 is considered a partial 5-HT 1A 
receptor agonist rather than a complete or "true" antagonist. Therefore, prior to the 
present invention, the use of true 5-HTi A receptor antagonists to treat urinary tract 
disorders was unknown. 

At least two functionally distinct types of the 5-HTi A receptor have been identified, and 
these are designated "pre-synaptic" (or somatodendritic) and "post-synaptic". 
Pre-synaptic receptors are present on 5-HT-producing neurons and are involved in 
autoregulation of 5-HT release; their activation causes physiological changes including 
hyperphagia, hypothermia (in the mouse), bradycardia and hypotension. Post-synaptic 
receptors are widely distributed throughout the mammalian brain and are coupled to 
potassium channels and adenylate cyclase; their activation leads to "5-HT behavioural 
syndrome", hypothermia (in the rat), and elevation of plasma corticotropin levels. 
Beyond the differences in their anatomical distribution and functioning, pre-synaptic 
and post-synaptic receptors can be distinguished by the differential activity profiles of 
different 5-HT ]A receptor ligands. For example, full agonists such as 8-OH-DPAT and 
5-carboxytiyptamine have agonist activity on both pre-synaptic and post-synaptic 
receptors. By contrast, partial agonists such as buspirone, ipsapirone, spiroxantine, 
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urapidil, NAN- 190 and BMY 7378 have agonist activity on pre-synaptic receptors and 
antagonist activity on post-synaptic receptors. Finally, some compounds exhibit 
antagonistic activity on both pre-synaptic and post-synaptic receptors. These last 
compounds, true antagonists of the serotoninergic 5-HTi A receptor, are useful in the 
invention. 

The invention provides the use of a compound which 

(a) binds to a 5-HT 1A receptor with an affinity of at least 10- 7 M, 

(b) binds to a 5-HTi A receptor with an affinity at least 50 times greater than the 
affinity with which the compound binds to an a j -adrenergic receptor, and 

(c) exhibits 5-HT lA receptor antagonist activity on both pre-synaptic and 
post-synaptic 5-HTj A receptors, 

or of a stereoisomer, hydrate, solvate or pharmaceutical^ acceptable salt of such a 
compound, for the preparation of a medicament for the treatment of neuromuscular 
disorders of the lower urinary tract in mammals. 

Compounds useful in the practice of the invention preferably bind to 5-HTi A receptors 
with an affinity (Kj) of at least 10-8 M. Expressing their 5-HT iA receptor antagonist 
activity (at both pre-synaptic and post-synaptic sites) as a function of dose, the 
compounds may have ID 50 values of from 1 to 2000 fig/Kg, and preferably of from 1 
to 200 Mg/Kg. 

As the compounds useful in the practice of the invention bind to 5-HT lA receptors with 
an affinity at least 50 times greater, and preferably 100 times greater, than they bind to 
aj -adrenergic receptors, they have ai-adrenergic receptor binding constants in the 
micromolar range or weaker. 

Medicaments prepared according to the invention are suitable for the treatment of 
neuromuscular disorders of the lower urinary tract, particularly those involving 
micturition, such as dysuria, incontinence, and enuresis. Without wishing to be bound 
by theory, it is believed that administration of 5-HT 1A receptor antagonists prevents 
unwanted activity of the sacral reflex arc and/or cortical mechanisms that control 
micturition. Thus it is contemplated that a wide range of lower urinary tract disorders 
can be treated using the compounds of the invention. 



The compounds of the present invention may be formulated into liquid dosage forms 
with a physiologically acceptable carrier, such as phosphate buffered saline or 
deionized water. The pharmaceutical formulation may also contain excipients. 
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including preservatives and stabilizers, which are well-known in the art. The 
compounds can be formed into solid oral or non-oral dosage units such as tablets, 
capsules, powders, and suppositories, and may additionally include excipients, 
including without limitation lubricants, plasticizers, colorants, absorption enhancers, 
bactericides, and the like. Administration of medicaments prepared using true 5-HTi A 
receptor antagonist compounds, their stereoisomers, pharmaceutical^ acceptable salts, 
hydrates or solvates, may be achieved by any effective route, including oral, enteral, 
intravenous, intramuscular, subcutaneous, transdermal, transmucosal (including rectal 
and buccal), and inhalation routes. Preferably, an oral or transdermal route is used 
(i.e., via solid or liquid oral formulations, or skin patches, respectively). 

An effective amount of the medicament is an amount that results in measurable 
amelioration of at least one symptom of the disorder. This effective amount can be 
determined by experimentation known in the art, such as by establishing a matrix of 
dosages and frequencies and comparing a group of experimental units or subjects to 
each point in the matrix. Symptoms of urinary tract disorders include urgency, 
frequency, urine leakage, enuresis, dysuria, hesitancy, difficulty in emptying bladder. 
A measurable amelioration of any symptom or parameter is determined by a physician 
skilled in the art or reported by the patient to the physician. 

For example, a single patient may suffer from several symptoms of dysuria 
simultaneously, such as, for example, urgency and frequency, either or both of which 
may be reduced using the methods of the present invention. In the case of incontinence, 
any reduction in the frequency or volume of unwanted passage of urine is considered a 
beneficial effect of the present methods of treatment. 

The amount of the agent to be administered may range from about 0.01 to about 25 
mg/kg/day, preferably from about 0.1 to 10 mg/kg/day and most preferably from about 
0.2-5 mg/kg/day. It will be understood that the medicament formulations of the present 
invention need not in themselves contain the entire amount of the agent that is effective 
in treating the disorder, as such effective amounts can be reached by administration of a 
plurality of doses. 

In a preferred embodiment of the invention, N-{2-[4-(2-methoxyphenyl)-l-piperazinyl]- 
-ethyl}-N-(2-pyridyl)-cyclohexanecarboxamide (hereinafter Compound A) is formulated 
in capsules or tablets each containing from 50 to 200 mg of Compound A, and is 
administered to a patient at a daily dose of 200 mg for relief of urinary incontinence. 
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In another preferred embodiment of the invention, N-{2-[4-(4-indolyl)-l-piperazinyl]- 
-ethyl}-N-(2-pyridyl)-cyclohexanecarboxamide (hereinafter Compound B) is formulated 
in capsules or tablets each containing from 20 to 60 mg of Compound B, and is 
administered to a patient at a daily dose of 60 mg for relief of urinary incontinence. 

Compounds which possess the requisite pre-synaptic and post-synaptic 5-HTi A 
antagonistic activity may be found amongst those having a protonatable nitrogen atom 
which is linked on one side to an aromatic or heteroaromatic ring and to a carbon chain 
on the other side. In addition, the protonatable nitrogen and the chain can form a ring. 
Compounds belonging to this general class may be tested according to the methods 
discussed below to determine whether they meet the other criteria for use in the 
invention. 

Measurement of the specific binding activity of a compound towards different neuronal 
receptors (such as serotoninergic 5-HTi A receptors, a r or a 2 -adrenergic receptors, 
dopaminergic D 2 receptors, and serotoninergic 5-HT 2 receptors) may be achieved using 
any of a multiplicity of methods that are well known in the art, such as competitive 
binding to native or cloned receptors. Typically, a biological source of, for example, a 
5-HTi A receptor is used in which the receptor is present at a sufficiently high 
concentration so that labelled 5-HT or a labelled 5-HT 1A ligand is easily measurable. 
This source may comprise a mammalian tissue or fluid (either in situ or after removal) 
or a tissue culture cell. The target receptor may be expressed from either an 
endogenous gene or from a transfected receptor-encoding recombinant gene. For 
example, the rat hippocampus is a rich source of 5-HT 1A receptors. Alternatively, 
human 5-HT iA receptor cDNA can be expressed in E. coli cells in culture as reported 
in Benin B. et al., 7. Biol. Chem. , 267 , 8200 (1992). The ability of the test compound 
to compete with labelled 5-HT (or a labelled 5-HT u ligand) for receptor binding is 
then measured, and a binding constant is calculated using Scatchard analysis or 
equivalent computational methods well known in the art. 

It will be understood that measurements of receptor binding affinity of a particular 
compound may vary depending upon the source of receptor, radiolabeled ligand, and 
other components, as well as specific assay conditions. Thus, Compound A is included 
in all assays as a standardization control. That is, the values of binding affinities 
obtained for Compound A are compared to values reported below in Example 2, i.e. Kj 
= 3 X 10-10 m for 5-HT 1A receptors and 3 X 10-7 M for a r adrenergic receptors, and 
the values obtained in the same assay for other test compounds are normalized 
proportionately, 
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Measurement of pre-synaptic and post-synaptic serotoninergic 5-HT 1A receptor 
antagonist activity may be achieved using neurophysiological assay methods. For 
example, Raphe cell firing measured electrophysiologically is used as an index of 
pre-synaptic 5-HT 1A receptor activity (VanderMaelen et ah, Brain Res. % 289, 109, 
1983). In this assay, a S-HTja receptoragonist acting at pre-synaptic somatodendritic 
5-HT 1A receptors inhibits Raphe neuronal firing, which is detected by measuring the 
electrical activity of 5-HT-containing neurons. Antagonists prevent the inhibitory action 
of the 5-HT 1A receptor agonist, resulting in the maintenance of high levels of serotonin 
in the synaptic cleft. An alternative system for measuring pre-synaptic activity is the 
inhibition of hypothermia induced in mice by 8-OH-DPAT (Moser, Eur. J. 
Pharmacol., 193, 165, 1991). 

Inhibition of adenylate cyclase activity in rat hippocampal slices is used as an indicator 
of post-synaptic 5-HT 1A receptor activity (Shenker et al. t Eur J. Pharmacol. , 109, 427, 
1985). In this assay, compounds exhibiting antagonistic activity at post-synaptic 
5-HT 1A receptors antagonize the inhibitory effects of a 5-HT JA agonist only on 
forskolin-stimulated adenylate cyclase activity and display no intrinsic effect on the 
basal activity of the enzyme. Alternative methods for measuring post-synaptic activity 
include inhibition of 8-OH-DPAT induced behavioural syndrome, in particular the 
forepaw treading symptom (Tricklebank et al., Eur. J. Pharmacol., 117 , 15, 1985). 
These and other methods are reviewed in Fletcher et al., TiPS, 14, 441, 1993. 

As discussed above, Compound A is included in all assays as a positive control; the 
values obtained for the pre-synaptic and post-synaptic antagonistic activity of 
Compound A are normalized proportionately with those disclosed below in Examples 6 
and 7 (ID 50 for pre-synaptic = 8.5 Mg/Kg; post-synaptic = 14 /ig/Kg), and the values 
obtained for other test compounds are compared. 

Once a compound is identified as possessing 5-HT 1A receptor antagonist activity, its 
pharmacological activity is confirmed using one or more animal model systems for 
lower urinary tract disorders. Useful animal model systems include isovolumetric 
rhythmic bladder voiding contractions in anaesthetized rats and cystometry in conscious 
rats. In the first method, the urinary bladder is catheterized, ligated, and connected 
with a pressure recording device. The bladder is then filled until reflex voiding 
contractions occur, after which the frequency and amplitude of the voiding contractions 
are measured. In the second method, bladder volume capacity and micturition pressure 
are measured one day following bladder catheterization. In the first method, the test 
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compounds are administered intravenously prior to the measurements. Both oral and 
intravenous administration routes may be used in a second method. These methods are 
described in more detail in Examples 8 and 9 below, and were originally used to 
validate the predictive qualities of the true serotoninergic 5-HT 1A receptor antagonists 
for the foregoing urinary tract disorders. 

5-HT 1A receptor antagonist compounds for use in the invention include compounds of 
the general formulae I to VII discussed below. 

Piperazine derivatives of the general formula I 

Ra 

Rai-N N-Xa (I) 

V_/ 

In these compounds: 

Ra represents a hydrogen atom or a lower alkyl group; 

Rai represents an aryl, nitrogen-containing heteroaryl or nitrogen-containing bicyclic 

heteroaryl group; and 

Xa represents one of the groups 

Ra2 Ra 4 

( Aa) - ( CH 2 ) na C CO N 

Ra^ ^Ra5 

Ra6 

(Ba) -Ka-N-CORa 7 , 

(CH 2 ) ma 

(Ca) — / y Ran , 



(CH 2 ) 



ma 



* a2 /^V'* 312 

(Da) -Ka — C ^ ^ and 

N— ' 



Ya-Ra 13 

(Ea) -Ka- 



Rai4 
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na is 1 or 2; 
ma is 1, 2 or 3; 

Ra 2 represents a hydrogen atom or a lower alkyl group; 

Ra* represents an aryl or aryl(lower)alkyl group; 

Ra 4 represents a hydrogen atom or a C1-C3 alkyl group; 

Ra5 represents a hydrogen atom or a C1-C3 alkyl, C3-C12 cycloalkyl or 
cycloalkyl(lower)alkyl group; or Ra 4 and Ra5 together with the nitrogen atom to which 
they are attached represent a 1-azetidinyl, 1-pyrrolidinyl, piperidino, 
l-perhydroazepinyl, morpholino, or 1-piperazinyl group, each optionally substituted by 
a lower alkyl, aryl or aryl(lower)alkyl group; 
Ra 6 represents a monocyclic or bicyclic heteroaryl group; 

Ra? represents a hydrogen atom, a lower alkyl, cycloalkyl, cycloalkenyl, 
cycloalkyl(lower)alkyl, aryl, aryl(lower)alkyl, heteroaryl or heteroaryl(lower)alkyl 
group, or a group -NRaSRa* or ORaiO; 

Ra8 represents a hydrogen atom or a lower alkyl, aryl or aryI(lower)alkyl group; 
Ra 9 represents a hydrogen atom or a lower alkyl, -CO-(lower)alkyl, aryl, -CO-aryl, 
aryl(lower)alkyl, cycloalkyl or cycloalkyl(lower)alkyl group; or Ra8 and Ra$ together 
with the nitrogen atom to which they are attached represent a saturated heterocyclic 
group which may contain an additional heteroatom; 

Raio represents a lower alkyl, cycloalkyl, cycloalkyl -(lower)alkyl, aryl, 
aryl(lower)alkyl, heteroaryl or heteroaryl(lower)alkyl group; 
Ra 11 represents an aryl or nitrogen containing heteroaryl group; 
Rai2 represents a hydrogen atom or a lower alkyl group; 

Rai3 represents a hydrogen atom or a C1-C3 alkyl, C3-C12 cycloalkyl or 
cycloalkyl(lower)alkyl group; 
Ra* 4 represents an aryl group; 

Ka represents a C2-C4 alkylene group optionally substituted by one or more lower alkyl 
groups; and 

Ya represents a carbonyl, alkylene, hydroxyalkylene or hydroxycycloalkylene group or 
a group -S(0) oa ; where oa = 0 to 2. 

When Ra 1 represents an aryl group, it preferably represents a phenyl group having a 
substituent in the ortho position or a 1-naphthyl group optionally substituted in the 2 or 
7 positions. Examples of aryl groups Rai are o-(lower)alkoxyphenyl, such as 
o-methoxyphenyl, or (lower)alkoxy substituted 1-naphthyl. When Rai represents a 
bicyclic heteroaryl group, it preferably represents a 4-indolyl group. 
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When Ra6 represents a bicyclic heteroaryl group, both rings can contain hetero ring 
atom(s), or only one ring can contain hetero atom(s). In the latter instance, the group 
Ra^ is connected to the compound of formula (I) via the ring containing the hetero 
atom(s). 

Examples of the heteroaryl group Ra6 include monocyclic groups containing one hetero 
atom, such as pyridyl (particularly 2-pyridyl); monocyclic groups containing two hetero 
atoms, such as thiazolyl (particularly 2-thiazolyl); and bicyclic groups containing one 
or two hetero atoms, such as quinolinyl or isoquinolinyl and particularly 2-quinolinyl. 

When Rail and Ra> 4 represent aryl groups, the preferred groups are phenyl. When 
Ra n represents a heteroaryl group it is preferably a pyridyl group, optionally 
substituted by one or more alkyl groups. 

Methods for the preparation of the piperazine derivatives I are disclosed in the 
following references; GB 2230780 (EP 395313). GB 2230781 (EP 395312), 
GB 2248836, (EP 481744), GB 2255337, GB 2262093, WO 94/15919, WO 94/15928, 
WO 94/21610, WO 95/33743 and GB 2277517. 

Preferred piperazine derivatives I include: 

1 -{4-[4-(2-methoxyphenyI)- 1 -piperazinyl]-3-phenylbutanoyl}-perhydroazepine , 
l-{4-[4-(2-methoxyphenyl)-l-piperazinyl]-2-phenylbutanoyl}-perhydroazepine, 
l-[N-cyclohexylcarbonyl-N-(2-pyridyl)-2-aminoethyl)-4-(2-methoxyphenyl)-piperazine 
(Compound A), 

l-[N-cyclohexylcarbonyl-N-(2-pyridyl)-2-aminoethyl)-4-(4-indolyl)-piperazine 
(Compound B), 

l-[N-[2-(2-pyridylamino)-ethyl]-4-(2-methoxyphenyl)-piperazine (Compound C), 
l-[N-[2-(2-pyridylamino)-ethyl]-4-(4-indolyl)-piperazine (Compound D), and 
l-[2-(2-biphenyl)-ethyl]-4-(2-methoxyphenyl)-piperazine, 
and their pharmaceutical^ acceptable acid addition salts. 

Compounds of the general formula II 



Rt>3 



° y ] 
II / 
•C-N 

V 



,Rb5 



Rb2 



\ 



N-Qb-C 



Rb* 



Rb6 



(ID 



In these compounds: 
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Qb represents a C1.C3 alkylene group, optionally substituted by one or more lower 
alkyl groups; 

Rb 1 represents a hydrogen atom or a lower alkyl group; 
Rb 2 represents one of the groups 



(Ab) 




(Bb) 




■(Rb 7 ) ib 




(Eb) Rbi0-O-CH 2 CH(OH)CH 2 - and 

(Fb) RbiO-0-CH 2 CH r ; 

or Rb* and Rb 2 together with the nitrogen atom to which they are attached represent a 
group of the formula 




■Rb* 



Rb 3 represents a hydrogen atom or a lower alkyl group; 
Rb* represents an aryl, bicyclic aryl or heteroaryl group; 
Rb5 represents a hydrogen atom or a lower alkyl group; 

Rb* represents a hydrogen atom or a C1A0 alkyl, C3.C12 cycloalkyl, 
cycloalkyl(lower)alkyl, aryl or aryl(lower)alkyl group; 

or Rb^ and Rb* together with the nitrogen atom to which they are attached represent a 
saturated heterocyclic group, optionally containing an additional hetero atom and 
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optionally substituted by a halogen atom or a lower aUcyl, aryl, aryl(lower)alkyl, lower 
alkoxy or halo(lower)alkyl group; 

ab is 0 to 3 and bb is 0 to 3 but (ab + bb) is not more than 3; 

— represents an optional double bond which can be present provided that ab is at least 

1; 

Xb represents a group -(CH 2 ) nb -, -OCH 2 - or -SCH 2 -; 

rab is 0 or 1, nb is 1 to 3, and pb is 0 or 1; provided that (mb + pb) is 1 and (mb + 
nb) is not more than 3; 

Rb 7 represents a hydrogen or halogen atom, or a lower alkyl, (lower)alkylcarbonyl, 

lower alkoxy, (lower)alkoxycarbonyl, hydroxy, trifluoromethyl, carboxamido, nitro, 

cyano, amino, (lower)alkylamino or di(lower)alkylamino group; 

Rb 7 ' represents a hydrogen or halogen atom; with the proviso that when Xb represents 

a group -OCH 2 - or -SCH 2 - then Rb 7 ' represents a hydrogen atom; 

Rb 8 represents a hydrogen atom or a lower alkyl group; 

ib = 0, 1 or 2; jb = 0, 1 or 2; 

Yb represents an oxygen or sulphur atom or a methylene group; 

Zb represents the atoms necessary to form a heteroaromatic ring having from 5 to 7 

carbon atoms fused to the non-aromatic ring containing the Yb group; 

Rb 9 represents a monocyclic or bicyclic heteroaryl group; 

Zb' represents either a pair of hydrogen atoms or the atoms necessary to form an 
aromatic or heteroaromatic ring fused to the benzodioxanyl group; and 
Rb 10 represents a monocyclic or bicyclic aryl or bicyclic heteroaryl group. 

When Rb 4 represents a heteroaryl group, it is preferably a bicyclic oxygen-containing 
group of the formula: 



wherein the heterocyclic ring has from 5 to 7 ring atoms, is saturated or unsaturated, 
and optionally includes one or more hetero ring atoms or groups, such as -O-, -S-, 
-S0 2 - or NRb^, in addition to the oxygen atom illustrated. 

Examples of saturated heterocyclic groups which NRbSRb^ may represent include 
1-azetidinyl, 1-pyrrolidinyl, piperidino, 1-perhydroazepinyl, morpholino, 
1-perhydroazocinyl and 1-piperazinyl groups. 

The preparation of compounds II is disclosed in WO 94/03444 and WO 94/20481. 
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A preferred compound II is: 

1 - {4- [( 1 , 4-benzodioxan-2-y I)-methy lamino] -2-phenylbutanoy 1 }-perhydroazepine . 



Compounds of the general formula III 



Rc 4 R C 3 R c i 

^ N -CH 2 -C-N (III) 
Rc5 R C 3' CO— Rc* 



In these compounds: 

Rci represents a heteroaryl or bicyclic heteroaryl group; 
Rc^ represents a cycloalkyl group; 
Rc3 represents a hydrogen atom or a lower alkyl group; 
Rc3' represents a hydrogen atom or a lower alkyl group; 
Rc 4 represents a hydrogen atom or a lower alkyl group; and 

Rc5 represents one of the groups (Ab), (Bb), (Cb), (Db), (Eb) and (Fb) as above 
defined; 

or Rc 4 and Rc5 together with the nitrogen atom to which they are attached represent a 
group of the formula 

/ (CH 2 ) ab 

— N \— Rb 4 

\cH 2 )bb ' 

wherein ab, bb, Rb 4 and are as above defined. 

The compounds III and their methods of preparation are disclosed in WO 94/21611 
and WO 95/02592. 



Preferred compounds having formula III are: 

N-( 1 ,4-benzodioxan-2-ylmethyl)-N-methyl-N 1 -(2-py ridyl)-N ' -cyclohexylcarbonyl- 
-1 ,2-diaminoethane, 

(R)-4-(2-raethoxyphenyl)-l-[N-cyclohexanoyl-N-(2-pyridyl)-3-amino-2-propyl]- 
-piperidine, and 

(R)-4-(2-thienyl)-l-tN-cyclohexanoyl-N-(2-pyridyl)-3-amino-2-propyl]- 
-1 ,2,3,6-tetrahydropyridine. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/31637 



Compounds of the general formula IV 
(Re) 2 



PCT/EP97/00897 



■13- 




N N— Ke— Rd 



av) 



In these compounds: 

Ae represents a group -OCH=CH-, -OCH 2 CH 2 -, -OCH 2 0-, -OCH 2 CH 2 0- or 
-OCOCH=CH-; 

each Re independently represents a hydrogen or halogen atom or an alkyl, hydroxy, 
alkoxy, trifluoromethyl or cyano group; 

Ke represents a Cj-Cg linear or branched alkylene group, optionally substituted by an 
aryl or heteroaryl group; 

Rei represents a phenyl, thienyl, naphthyl or benzothiophenyl group, or a group of the 
formula 



(CH 2 ) 



pe 




(CH 2 ), 
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wherein pe is 3 or 4; qe is 0 to 3; re is 0 to 2; se is 1 or 2; 

each Re2 independently represents a halogen atom or an alkyl, hydroxy, alkoxy, 

trifluoromethyl or cyano group; 

De represents a group -CH = CH- or (CH 2 >2-4; and 

each of Xe*, Xe2 and Xe 3 independently represents a hydrogen atom or an alkyl, 
alkoxy, hydroxy, alkylthio, trifluoromethyl, nitro, amino or acetamido group, or two 
of Xei , Xe2 and Xe 3 together represent a group -OCH 2 0- or -OCH 2 CH 2 0-. 



The preparation of compounds having formula (IV) is disclosed in EP 490772, 
EP 574313 and EP 633260. 



Preferred compounds having formula IV include: 
l-[5-(l,4-benzodioxanyl)]-4-[3-(3-thienyl)-propyl]-piperazine, 
l-[5-(l ,4-benzodioxanyl)]-4-[2-(l-indanyl)-ethyl]-piperazine, and 
l-[5-(l,4-benzodioxanyl)]-4-[3-(l-benzocyclobutyl)-propyl]-piperazine. 

Compounds of the general formula V 




In these compounds: 

each of Rg 1 and Rg2 independently represents a hydrogen or halogen atom or a 
trifluoromethyl or Q-C4 alkoxy group; 

or Rgi and Rg2, being on adjacent carbon atoms, together represent a group of formula 
-0(CH 2 )i g O- wherein ig is from 1 to 3; 

each of Rg 3 , Rg* and Rg5 independently represents a hydrogen atom or a C]-C 4 alkyl 
group or a phenyl group; 

Yg represents a nitrogen atom or a group CH; and 

Rg6 represents a heteroaryl, phenyl or substituted phenyl group. 

The preferred substituted phenyl groups which Rg 6 may represent have the formula Ag: 



(Ag) 
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wherein pg is 0 to 5 and qg is 0 to 5 but (pg + qg) is not more than 5; 
each of Xg and Xg' independently represents a halogen atom or a nitro, amino, 
carboxamido, C r C 4 alkyl, CVC4 alkoxy, C r C 4 haloalkyl, CVC4 alkylthio or the like; 
or Xg and Xg 1 , being on adjacent carbon atoms, together represent a group 
-0(CH 2 ) ng O- wherein ng is 1 to 3. 

The preferred heteroaryl groups which Rg 6 may represent include 3-pyridyl, 4-pyridyl, 
2-thienyl t 2-furanyl and l-methyl-2-pyrrolyl groups. 

The preparation of compounds having formula V is disclosed in US 5387593 and 
EP 546583. 

Preferred compounds having formula V include: 

Z- and E^-benzyl-l-[4-hydroxy^-(l,4-benzodioxan-6-ylH and 

Z-4-(3-methoxybenzyl)-l-[4-methoxy-4-(l,3-benzodioxolan-5-yl)-cyclohexyl]- 

-piperidine. 

Compounds of the general formula VI 



In these compounds: 

— represents a single or a double bond; 

Ri 1 represents a hydrogen atom, a CpC 4 alkyl, C3-C4 alkenyl, phenyl(Ci-C 4 )alkyl or 
cyclopropylmethyl group, or a group CORi 4 , -(CH 2 )niS(Ci-C 4 )alkyl or 
-(CH 2 )niC(O)NRi9Ril0; 

Ri 2 represents a hydrogen atom or a C1-C4 alkyl, C3-C4 alkenyl or cyclopropylmethyl 
group; 

Ai represents a tetrazolyl or substituted tetrazolyl group, a heteroaryl group having 5 or 
6 ring atoms of which from 1 to 3 may be oxygen, sulphur or nitrogen atoms, or a 
group Qi==C— Xi, 




(VI) 



Bi 
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Bi represents a hydrogen atom, a C r C 4 alkyl group or an amino-blocking group; 

Xi represents a hydrogen atom or a group -ORi3, -SRi3 or -NRi5Ri6 ; 

RP represents a C1.C3 alkyl, substituted C1.C3 alkyl, aryl, substituted aryl, 

aryl(Ci.C 4 )aIkyl, substituted aryl(Ci.C 4 )alkyl or C3.C7 cycloalkyl group; 

Ri4 represents a hydrogen atom or a C r C 4 alkyl, C r C 4 haloalkyl, C r C 4 alkoxy or 

phenyl group; 

each of Ri5 and Ri* independently represents a hydrogen atom or a Cj-C 4 alkyl, 
phenyl(Ci-C 4 )alkyl or phenyl group; 

or Ri5 and Ri* together with the nitrogen atom to which they are attached represent a 
C3-C5 heterocyclic ring; 

each of Ri 9 and RH<> independently represents a hydrogen atom or a C r C 4 alkyl or 
Cs-Cg cycloalkyl group; 
ni is 1 to 4; and 

Qi represents an oxygen or sulphur atom. 

The term "amino-blocking group", as used herein, refers to a group which will prevent 
an amino group from participating in a reaction carried out on another functional group 
in the molecule, but which can be removed from the amine when desired. Such groups 
are described by T.W. Greene in chapter 7 of "Protective Groups in Organic 
Synthesis", John Wiley and Sons, New York, 1981. Groups which are useful for the 
compounds of the invention include benzyl and substituted benzyl groups such as 
3,4-dimethoxybenzyl, o-nitrobenzyl and triphenylmethyl; groups having the formula 
COOR wherein R includes groups such as methyl, ethyl, propyl, isopropyl, 
2,2,2-trichJoroethyl, 1 -methyl- 1-phenylethy I, isobutyl, t-amyl, vinyl, allyl, phenyl, 
benzyl, p-nitrobenzyl, o-nitrobenzyl and 2,4-dichlorobenzyl; acyl and substituted acyl 
groups such as formyl, acetyl, chloroacetyl, dichloroacetyl, trichloroacetyl, 
trifluoroacetyl, benzoyl and p-methoxy-benzoyl; substituted sulphonyl groups such as 
methanesulphonyl, p-toluenesulphonyl, p-bromobenzene-sulphonyl, p-nitrophenylethyl 
and p-toluenesulphonyl-aminocarbonyl. Preferred amino-blocking groups are benzyl, 
acyl [C(0)R] or SiR 3 where R is C1-C4 alkyl, halomethyl or 
2-halo-substituted-(C 2 -C 4 )alkoxy . 

The preparation of compounds having formula VI is disclosed in EP 444854, 
EP 590971 and US 4576959. 

Preferred compounds having formula VI include: 

(2aS,4R)^-(di-n-propylamino)-6-carbamoyl-l,2,2a,3,4,5-hexahydrobenz[c,d]indole, 
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(2aS,4R)-4-(di-n-propylamino)-6-dimethylcarbamoyl- 

-l,2,2a,3 f 4 t 5-hexahydrobenz[c,d]indole, 

(4R)-6-(5-isoxazolylM-(di-n-propylamiro^ 

(4R)-6-(2-oxazoly l)-4-(di-n-propy lamino)- 1 ,3 f 4 , 5 -tetrahydrobenz[c,d] indole , 
(4R)-6-(5-oxazolylM-(di-n-propylaminoH^ and 
(4R)-6-[2-(l,3,4-oxadiazolyI)]-4-(diHi^^ 

Compounds of the general formula VII 

F 




(VII) 



In these compounds: 

Rdi represents an n-propyl or cyclobutyl group; 

Rd2 represents an isopropyl, t-butyl, cyclobutyl, cyclopentyl or cyclohexyl group; and 
Rd3 represents a hydrogen atom or a methyl group. 

Compounds of the general formula VII may be prepared according to the methods 
described in WO 95/11891. 

Preferred compounds of the general formula VTI include: 
(R)-5-carbamoyl-3-(N,N-dicyclobutylam 

(RJ-S-tN-Ct-butyO-N-Cn-propyO-aminol-S-carbamoyl-S-fluoro-S^-dihydro- 
-2H-l-benzopyran, and 

(R)-5-carbamoyl-3-(N-cyclobutyl-N-isopropylamino)-8-fluoro-3,4-dihydro- 
-2H- 1 -benzopyran. 

As used herein, lower alkyl indicates alkyl groups having from 1 to 6 carbon atoms and 
preferably from 1 to 4 carbon atoms. Lower alkenyl as used herein indicates alkenyl 
groups having from 2 to 6 carbon atoms and preferably from 2 to 4 carbon atoms. The 
cycloalkyl groups contain from 3 to 12 carbon atoms and preferably from 5 to about 7 
ring atoms. Cycloalkyl groups also include bicyclic, tricyclic and tetracyclic groups, 
such as adamantyh 
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As used herein, aryl refers to aromatic groups having from 6 to 12 carbon atoms, such 
as phenyl and naphthyl. These may be substituted by one or more substituents. 
Preferred substituents include halogen atoms and lower alkyl, lower alkoxy, 
halo(lower)alkyl t nitro, cyano, amido, (lower)alkoxycarbonyl; amino; 
(lower)alkylamino; and di(lower)alkylamino groups. Two adjacent substituents on the 
aromatic ring can together to form a further fused ring, e.g. benzodioxanyl. The term 
halogen refers to fluorine, chlorine, and bromine. The preferred halogens are chlorine 
and fluorine. Examples of the preferred aryl(lower)alkyl groups include benzyl and 
phenethyl, optionally substituted as described above. 

As used herein, heteroaryl refers to an aromatic group containing one or more hetero 
atoms (e.g. oxygen, nitrogen, or sulphur) and which can be monocyclic or bicyclic. 
The monocyclic heteroaryl group refers to an aromatic ring containing one or more 
nitrogen or other heteroatoms, such as pyridyl, 2-thienyl, 2-furanyl, 
l-methyl-2-pyrrolyl, pyrimidinyl, pyrazinyl, oxazolyl, thiazinyl and the like. Preferred 
heteroaryl groups include 2-pyridyl, 3-pyridyl and 4-pyridyl groups. The heteroaryl 
groups may be substituted by halogen atoms or lower alkyl, lower alkoxy, 
halo(lower)alkyl, nitro, amino, cyano, amido, (lower)alkoxycarbonyl, 
(lower)alkylamino, and di-(lower)alkylamino groups. Bicyclic heteroaryl refers to 
phenyl rings fused with a second ring containing one or more heteroatoms. A 
particularly preferred heteroatom is nitrogen. Examples of the bicyclic heteroaryl 
groups include indazolyl, quinolinyl, isoquinolinyl and indolyl. The bicyclic heteroaryl 
groups can be substituted by one or more substituents. A preferred bicyclic heteroaryl 
group is indolyl substituted with alkoxy carbonyl groups. 
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The following Examples illustrate the invention. Reference is made in the Examples to 
the accompanying drawings, of which: 

Figure 1 is a graphic illustration of a typical recorder tracing showing the effect of 
Compound A on volume-induced contractions of anaesthetized rats, the arrow 
indicating the intravenous administration of 300 jig/kg of Compound A, and 

Figure 2 is a graphic illustration of a typical recorder tracing showing the effect of 
Compound A on cystometrographic parameters in conscious rats, the arrow indicating 
oral treatment of the animal with 3 mg/kg of Compound A. 

Example 1 

1 -fN-(2-pyridy l)-2-aminoethvn-4-(2-methox yphenyD-piperazine (Compound C) 

23.5 g of l-(2-aminoethyl)-4-(2-methoxyphenyl)-piperazine [Hexachemie-Reuil 
Malmaison-France] and 4.85 ml of 2-chloropyridine were stirred at 160°C in a closed 
reaction vessel for 10.5 hours. The reaction mixture was cooled to room temperature, 
dissolved in 320 ml of chloroform and washed with IN sodium hydroxide (3 x 320 
ml), followed by water (2 x 400 ml). The organic layer was dried on sodium sulphate 
and then evaporated to dryness under reduced pressure. The crude product was purified 
by column flash chromatography eluting with an ethyl acetate : 3N NH 3 in methanol 
100:2 mixture affording, after evaporation of the collected fractions, 5 g of the title 
compound as an oil. A sample was crystallized from ethyl acetate to give a solid 
melting at 89-94°C. 

1H-NMR (CDC1 3 , 6) 

8.08, ddd, 1H, CH at position 6 in the pyridine ring 

7.40, ddd, 1H, CH at position 4 in the pyridine ring 

6.80-7.05, m, 4H, 2-methoxyphenyl CHs 

6.55, ddd, 1H, CH at position 5 in the pyridine ring 

6.40, dd, 1H, CH at position 3 in the pyridine ring 

5.10, bs, 1H, NH 

3.85, s, 3H, CH3O 

3.38, dt, 2H, CH2NH 

3.00-3.15, m T 4H, piperazine CHs 

2.60-2.75, m, 6H, piperazine CHs and CH 2 N 

D2O addition makes NH signal appear upfield as HDO. 
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Exampie 2 

N^2-f4-(2-methoxyphenyl)-l-pipera2invn-ethvU-N-(2-pyridvl)- 
-cvclohexanecaiboxamide . 2.66 HC1 . 0.33 H 2 0 (Compound A) 
To a solution of 4.26 g of the compound prepared in Example 1 in 42.5 ml of 
tetrahydrofuran, 6.52 ml of 2. 5N n-butyllithium (hexane solution) was added dropwise 
at -22°C. After 40 minutes stirring at -20°C, 2.21 ml of cyclohexanecarbonyl chloride 
was added dropwise. The reaction mixture was stirred at -20°C for 20 minutes, then at 
room temperature for 3.5 hours. Water was cautiously added to quench the reaction, 
followed by 3N sodium hydroxide. Ethyl acetate extraction followed by washing the 
organic layer with water, drying on sodium sulphate and evaporating the solvent to 
dryness under reduced pressure gave an oily crude which was purified by column flash 
chromatography eluting with an ethyl acetate : 3N NH3 in methanol 100:2 mixture. 
Evaporation of the collected fractions afforded 5 g of the title compound as a base, 
which was convened into the hydrochloride by dissolution in methanol and addition of 
excess 2.8N HC1 in diethyl ether. Evaporation to dryness of the solvents and 
desiccation of the solid in vacuo yielded 5.30 g of the title compound. M.p. 
16M64°C. 

Elemental analysis for C25H34N4O2 . 2.66 HC1 . 0.33 H 2 0: 
calc. {%): C 57.14, H 7.16, N 10.66, CI 17.95, H 2 0 1.13 
found (%): C 57.45, H 7.29, N 10.67, CI 18.13, H 2 0 1.20 

1H-NMR (D 6 -DMSO, &): 

11.10-11.70, bs, 1H, NH+ 

8.58, dd, 1H, CH at position 6 in the pyridine ring 
8.05, ddd, 1H, CH at position 4 in the pyridine ring 
7.64, dd, 1H, CH at position 3 in the pyridine ring 
7.45, dd, 1H, CH at position 5 in the pyridine ring 
6.82-7.10, m, 4H, 2-methoxyphenyl CHs 
5.20-5.80, bs, 2.4H, NH+ (remaining), H 2 0 
4.17, t, 2H, CH2NCO 
3.79, s, 3H, CH3O 

3.00-3.75, m, 10H, CH 2 N and piperazine CHs 

2.15-2.35, m, 1H, cyclohexane CHCO 

0.85-1.85, m, 10H, cyclohexane CHs 

D 2 0 addition makes NH signals appear upfield as HDO. 
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Example 3 

N-{244-(4-Indo1yl)-l-pipe^ 
(Compound B) 

Step a: 

N-f2.2-Dimethoxyethyl)-N-(2-pyridyl)-cyclohexanecarfaoxamide 
13.2 ml of a 2.5M solution of butyl lithium in n-hexane was added to a solution of 6g 
of 2-(2-pyridylamino)-acetaldehyde dimethyl acetal (prepared as described in Beilstein 
E III/TV, 22, 3871) in 40 ml of tetrahydrofuran stirred at 0°C and the resulting mixture 
was stirred at room temperature for 1 hour. 4.46 ml of cyclohexanecarbonyl chloride 
was then added dropwise over a period of 5 minutes. Stirring was continued for 5.5 
hours and the reaction mixture was then evaporated to dryness in vacuo. The residue 
was purified by flash chromatography, eluting with chloroform:ethyl acetate 7:3, to 
afford 13.3 g of the title compound. 

1H-NMR (CDC1 3 , 6): 

8.48-8.54, m, 1H, CH at position 6 in the pyridine ring 
7.75, ddd, 1H, CH at position 4 in the pyridine ring 
7.18-7.44, m, 2H, CHs at positions 3 and 5 in the pyridine ring 
4.65, t, 1H, CHCH 2 
3.90, d, 2H, CH 2 

3.31, s, 6H, 2xCH 3 0 

2.32, tt, 1H, CH(CH 2 >2 
0.80-1.85, m, 10H, cyclohexane CH 2 s 

Step b: 

N-Formylmethyl-N-(2-pvridyl)-cyclohexanecarboxamide 

A mixture of 1.46 g of N-(2,2-dimethoxyethyl)-N-(2-pyridyl)- 
-cyclohexanecarboxamide, 0.05 g of 1 ,4-hydroquinone and 25ml of 2N HC1 was 
stirred at 80°C for 20 minutes under a nitrogen stream. The mixture was then cooled to 
0°C, diluted with 50ml of dichloromethane, and adjusted to pH 10 by addition of a 
20% solution of sodium carbonate. The aqueous layer was extracted twice with 
dichloromethane and the combined organic layers were dried over anhydrous sodium 
sulphate. Evaporation to dryness in vacuo gave 0.94 g of the title comppund, used 
without purification in the next reaction step. 
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1H-NMR (CDC1 3 , 6): 
9.66, s, 1H, CHO 

8.48-8.54, m, 1H, CH at position 6 in the pyridine ring 

7.79, ddd, 1H, CH at position 4 in the pyridine ring 

7.18-7.44, m, 2H, CHs at positions 3 and 5 in the pyridine ring 

4.52, s, 2H, CH 2 

2.48, tt, 1H, CHCCHih 

0.80-1.95, m, 10H, cyclohexane CH 2 s 

Step c: 

N-{2-f4-(4-IndolyI)-l-piperazinyl1-ethyl}-N-(2-pyridyl)-cyclohexanecarboxamide 
HCi . L25H 2 Q 

A mixture of 0.94 g of N-fonnylmethyl-N-(2-pyridyl)-cyclohexanecarboxamide, 0.69 g 
of l-(4-indolyl)-piperazine, 1.21 g of sodium triacetoxyborohydride, 0.44 ml of acetic 
acid and 30 ml of 1 ,2-dichloroethane was stirred at room temperature for 3 hours. The 
mixture was then diluted with 20 ml of water and adjusted to pH 10 by addition of a 
20% solution of sodium carbonate. The aqueous layer was extracted twice with 
1 ,2-dichloroethane and the combined organic layers were dried over anhydrous sodium 
sulphate. Evaporation to dryness in vacuo gave a crude product which was purified by 
flash chromatography, eluting with dichloromethanermethanol 98:2 to 95:5, to give 
0.96 g of the base of the title compound. This was dissolved in 40 ml of 
dichloromethane and 3.8N hydrogen chloride in diethyl ether was added. The title 
compound precipitated and was filtered off. Yield 0.66 g. M.p. 181-187°C. 

Example 4 

1- (4-lndolyl)-4-f2-(2-pyridvlamino)-ethyl]-piperazine . 3HC1 . 2HiQ (Compound D) 
Step a: 

2- r4-(4-Indolyl)-l-piperazinyl1-N-(2-pyridyl)-acetamide 

A mixture of 1.4 g of l-(4-indolyl)-piperazine, 1.26 g of 2-chloro-N-(2-pyridyl)- 
-acetamide (prepared as described in Beilstein E Ill/TV, 22, 3881), 1.3 ml of 
diisopropylethylamine and 14 ml of dimethylformamide was stirred at 60 °C under a 
nitrogen stream for 4 hours. The mixture was then diluted with 200 ml of water and 
extracted with ethyl acetate (4 x 50 ml). The combined organic layers were washed 
with water, dried on anhydrous sodium sulphate and evaporated to dryness in vacuo to 
give 2.37 g of the title compound as a crude base. Crystallization from methanol 
afforded 1.6 g melting at 198-201 °C. 
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Step b: 

1- (4-IndoIyl)-4-r2-(2-pyridylamino>-ethyn-piperazine . 3HC1 . 2H?Q 

0.34 g of 95% lithium aluminium hydride was added to a solution of 

2- [4-(4-indolyl)-l-piperazinyl]-N-(2-pyridyl)-acetamide in 30 ml of anhydrous 
tetrahydrofuran stirred at room temperature. The resulting mixture was stirred under 
reflux for 10 hours, and subsequently cooled. It was then diluted with 7ml of 2N 
sodium hydroxide and 50ml of water and dried on anhydrous sodium sulphate. The 
solvents were evaporated off in vacuo, giving 0.94 g of an oily residue. Purification by 
flash chromatography, eluting with ethyl acetate: methanol 96:4 to 70:30, gave 0.76 g 
of the base of the title compound. This was dissolved in 20 ml of dichloromethane and 
an excess of 3,8N hydrogen chloride in diethyl ether was added. The title compound 
precipitated. It was filtered off and dried at 60°C (0.5 mm Hg). M.p. (127) 
144-152°C. 

Example 5 

Measurement of Binding of Test Compounds to 5-HT i A and a i -Adrenergic Receptors 
PH] prazosin binding (a receptors): 

Rat cerebral cortices were homogenized in 50 volumes of ice-cold 50 mM Tris-HCl pH 
7.4. The homogenates were centrifuged at 48,000 x g for 10 minutes, and the pellets 
were resuspended in the same volume of ice-cold buffer, centrifuged, and resuspended 
two more times. The final pellets were resuspended in 100 volumes of 50 mM 
Tris-HCl, pH 7.4, containing 0.1% ascorbic acid and 10 fiM pargyline. 1-ml samples 
were incubated for 30 min at 25 °C with 0.35 nM [3H]prazosin, in the absence or 
presence of different concentrations (10-5 to 10 10 M) of the test compound. 
Non-specific binding was determined in the presence of 10 /xM phentolamine. The 
incubations were terminated by rapid filtration through Whatman GF/B filters using a 
Brandel cell harvester, after which the filters were washed with 3x3 ml of ice-cold 
buffer. The radioactivity retained on the filters was determined by liquid scintillation 
counting. The results are shown in Table 1 below. 

PHJ8-OH-DPAT binding (5HT 1A receptors): 

Rat hippocampi were homogenized in 50 volumes of ice-cold 50 mM Tris-HCl pH 7.4. 
The homogenates were centrifuged at 48,000 x g for 10 minutes, and the pellets were 
resuspended in the same volume of ice-cold buffer, incubated for 10 minutes at 37 °C, 
centrifuged and resuspended two more times. The final pellets obtained were 
resuspended in 100 volumes of 50 mM Tris-HCl, pH 7.4, containing 0.1% ascorbic 
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acid and 10 /iM pargyline. 1 ml samples were incubated for 30 min at 25°C with 1 nM 
PHJ8-OH-DPAT, in absence or presence of different concentrations (10*5 to 10-io M) 
of the test compound. Non-specific binding was determined in the presence of 10 jiM 
5-HT. The incubations were terminated by rapid filtration through Whatman GF/B 
filters using a Brandel cell harvester, after which the filters were washed with 3 x 3 ml 
of ice-cold buffer. The radioactivity retained on the filters was determined by liquid 
scintillation counting. The results are shown in Table 1 below. 

TABLE 1 

Binding affinity for the 5-HTia receptor and a r adrenergic receptor. 
Data are expressed as Ki (nM). 





5-HT 1A 


a|-adrenergic 


Compound 


receptor 


receptor 


Compound A 


0.3 


295.5 


Compound B 


0.13 


458.3 


Compound C 


20.2 


214.7 


Compound D 


16.3 


89.2 


NAN-190 


1.9 


4.8 



These results indicate that Compound A and Compound B bind tightly and selectively 
to the 5-HTia receptor. By contrast, NAN-190 exhibits nearly equivalent binding to 
both receptors. 

Example 6 

Measurement of Pre-Synaptic 5-HT i a Receptor Antagonist Activity 
Antagonism of hypothermia induced by 8-OH-DPAT in mice: 

The antagonistic effect of 5-HTi A receptor antagonists on hypothermia induced by 
8-OH-DPAT was evaluated by the method of Moser (Moser, Eur. J. Pharmacol., 193 , 
165, 1991) with minor modifications. 

Male CD-I mice (28-38 g) obtained from Charles River (Italy) were housed in a 
climate-controlled room (temperature 22 ± 2?C; humidity 55 ± 15%) and maintained 
on a 12 h light/dark cycle with free access to food and water. On the day of 
experiment, mice were placed singly in clear plastic boxes under the same ambient 
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conditions. Body temperature was measured by the insertion of a temperature probe 
(Termist TM-S, LSI) into the rectum to a depth of 2 cm. Rectal temperature was 
measured immediately prior to subcutaneous injection of the test compound and 30 min 
later. All animals then received 8-OH-DPAT (0.5 mg/kg s.c.) and their temperature 
was measured 30 min later. For each animal, temperature changes were calculated with 
respect to pretreatment values and the mean values were calculated for each treatment 
group. 

A linear regression equation was used in order to evaluate ID50 values, defined as the 
dose of antagonist needed to block 50% of the hypothermic effect induced by 0.5 
mg/kg 8-OH-DPAT administered subcutaneously. 

The results are shown in Table 2 below. 



TABLE 2 

Antagonistic activity for the pre-synaptic 5-HTi A receptor. 



COMPOUND 


ID50 (95%) C.L. in /ig/kg s.c. 


Compound A 


8.5 (5.8-12.5) 


Compound B 


1.9 (1.0-3.7) 


NAN- 190 


not active 



These results demonstrate that Compound A and Compound B have significant 
pre-synaptic 5-HT iA receptor antagonist activity. 



Example 7 

Measurement of Post-Synaptic 5-HT 1 A Receptor Antagonist Activity 
Inhibition offorepaw treading induced by 8-OH-DPAT in reus: 

The inhibitory effect of 5-HTi A receptor antagonists on the forepaw treading induced in 
rats by subcutaneous injection of 8-OH-DPAT was evaluated by the method of 
Tricklebank (Tricklebank et al., Eur J. Pharmacol., IVh 15 , 1985) with minor 
modifications. 

Male Sprague-Dawley rats (150-175 g) obtained from Charles River (Italy), were 
housed in a climate-controlled room and maintained on a 12 h light/dark cycle with 
free access to food and water. On the day of experiment, rats were placed singly in 
clear plastic boxes. Reserpinised rats were treated with reserpine, 1 mg/kg s.c, 18-24 
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h before the test. For evaluation of antagonistic activity, compounds were i.p. or s.c. 
administered 16 min before 8-OH-DPAT (1 mg/kg s.c.)- Observation sessions of 30 s 
duration began 3 min after treatment with the agonist and were repeated every 3 min 
over a period of 15 min. 

The appearance of the forepaw treading symptom induced by post-synaptic stimulation 
of the 5HTia receptors was noted, and its intensity was scored using a ranked intensity 
scale in which: 0 = absent, 1 = equivocal, 2 = present and 3 = intense. Behavioural 
scores for each treated rat were accumulated over the time course (5 observation 
periods) and expressed as mean values of 8-10 rats. 

A linear regression equation was used in order to evaluate ID50 values, defined as the 
dose of antagonist needed to block 50% of the forepaw treading intensity induced by 1 
mg/kg 8-OH-DPAT administered subcutaneously. 

The results are shown in Table 3 below. 



TABLE 3 



Compound 


NORMAL RATS 
ID50 Mg/Kg 


RESERPINIZED RATS 
ID 50 Mg/Kg 


Compound A (s.c.) 


14 (12-16) 


8.5 (5.8-12.5) 


NAN-190 (i.p.) 


700 (500-1000) 


2000 (1600-2400) 



These results demonstrate that Compound A exhibits significant post-synaptic 5-HT 1A 
receptor antagonist activity. NAN-190, by contrast, is much less active. Taken 
together, the bioassays for pre-synaptic and post-synaptic antagonist activity are 
effective for identifying compounds that exhibit both activities at levels that render 
them useful in treating urinary tract disorders. 



Example 8 

Effect of 5-HT i A Receptor Antagonists on Volume-Induced Rhythmic Bladder Voiding 
Contractions in Anaesthetized Rats 

Female Sprague Dawiey rats weighing 225-275 g (Crl: CD° BR, Charles River Italia) 
were used. The animals were housed with free access to food and water and were 
maintained on a forced 12 h alternating light-dark cycle at 22-24°C for at least one 
week, except during the experiment. The activity on the rhythmic bladder voiding 
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contractions was evaluated according to the method of Dray (7. Pharmcol. Methods, 
13:157, 1985), with some modifications as in Guarneri {Pharmacol. Res., 27:173, 
1993). Briefly, rats were anaesthetized by subcutaneous injection of 1.25 g/kg (5 
ml/kg) urethane, after which the urinary bladder was cathetized via the urethra using 
PE 50 polyethylene tubing filled with physiological saline. The catheter was tied in 
place with a ligature around the external urethral orifice and was connected with 
conventional pressure transducers (Statham P23 ID/P23 XL). The intravesical pressure 
was displayed continuously on a chart recorder (Battaglia Rangoni KV 135 with 
DC1/TT amplifier). The bladder was then filled via the recording catheter by 
incremental volumes of warm (37 °C) saline until reflex bladder voiding contractions 
occurred (usually 0.8-1.5 ml). Two parameters were recorded from the 
cystometrogram: the frequency of voiding contractions, calculated by counting the 
number of peaks/ 15 min of observation, and the mean amplitude of these contractions 
(mean height of the peaks in mmHg) in the same time period. For intravenous (i.v.) 
injection of bioactive compounds, a PE 50 polyethylene tubing filled with physiological 
saline was inserted into the jugular vein. 

Bioactivity was assessed in individual animals (using 6-10 rats per dose), by recording 
the number and height of the peaks for 15 min after drug injection and comparing them 
with those previously recorded for 15 min after the intravenous administration of 
vehicle alone. In the evaluation of the mean amplitude of peaks after treatment, only 
the results from the cystometrograms showing a reduction in the frequency of 
contractions of <50% were utilized. The statistical significance of changes in 
frequency and amplitude before and after treatment was assessed by Student's t test for 
paired data. Changes showing a probability P<0.01 were considered significant. 

An all-or-none criterion was also used to compare bioactivity in terms of ED50 values. 
Rats showing a treatment-related change of >30% relative to the basal value were 
considered to be positive. Quantal dose-response curves and ED50 values were 
evaluated by the method of Bliss (/. Pharm. Pharmacol., ri:192, 1938). In addition, 
since most compounds produced an effect that was relatively rapid in onset and led to a 
complete cessation of bladder contractions (as shown in Figure 1), bioactivity was 
conveniently estimated by measuring the duration of bladder quiescence (i.e., the 
duration of time during which no contractions occurred). To compare the potency of 
the tested compounds in inhibiting the frequency of the bladder voiding contractions, 
equieffective doses producing 10 minutes of disappearance time (EDjomin) were 
computed by means of least square linear regression analysis. 
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The rapid distension of the urinary bladder in urethane-anaesthetized rats produced a 
series of rhythmic bladder voiding contractions whose characteristics have been 
described (Maggie et al., Brain Res., 380, 83, 1986; Maggi, et al., J. Pharmacol. Exp. 
Ther., 230, 500, 1984). The frequency of these contractions is related to the sensory 
afferent arm of reflex micturition and to the integrity of the micturition centre, while 
their amplitude is a property of the efferent arm of the reflex (Maggi et al., J. 
Pharmacol. Meth., 15, 157, 1986; Maggi et al., Brain Res., 415, 1, 1987; Maggi et 
al., Naun. Schmied. Arch. Pharmacol.. 332, 276, 1986; Maggi et al., J. Urol., 136, 
696, 1986). In this model system, compounds that act mainly on the CNS (such as 
morphine) cause a reduction in the voiding frequency, whereas drugs that act at the 
level of the detrusor muscle lower the amplitude of the bladder contractions. 

The results are tabulated in Tables 4 and 5 below. 



TABLE 4 

Effects on rhythmic bladder voiding contractions after intravenous administration. 

Data represent the mean values ± S.E. of the number of contraa ^ ± se J^.}l± r ^ 
and after the /.v. administration of the tested compounds as well as the amplitude of 
the Deaks recorded in animals showing a reduction of the frequency <50%. The ED50 
%^% conf\Znce limits) values were evaluated on the basis of a quantal criterion 

as described in the Methods. 



COMPOUND 
Dose No. 
Mg/kg of 
i.v. rats 


FREQUENCY 
No. contr./15 min 
before after 
treatment treatment 


AMPUTUDE 
mm Hg 
before after 
treatment treatment 


Compound A 
1 10 
3 10 
10 10 
30 10 
100 10 
300 10 
EDsoOtg/kB) 


11.7±1.0 U.6±1.3 
11.5±0.7 9.111.0* 
11.5±1.5 5.9±1.6* 
11.8±0.7 3.810.7* 
12.010.9 4.111.1* 
9.510.6 2.210.5* 
5 (3 -i- 8) 


25.412.0 23.111.9* 
25.112.2 21.7 12.0* 
26.013.8 22.313.8 
28.5 12.5 25.014.0 
28.014.6 25.712.9 
n.c. n.c. 
n.a. 


Compound B 
0.3 6 
1 6 
3 6 
10 6 
30 6 
ED 50 (fig/kg) 


10.711.4 11.311.7 

11.711.5 8.711.3 
9.710.8 4.711.1* 

11.711.7 4.210.9* 
12.011.1 4.511.4 
1 (0.6 2) 


31.013.7 27.714.1 

26.514.3 22.715.1* 

33.712.4 25.311.2 
19.0 17.0 

n.c. n.c. 
n.a. 
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TABLE 4 continued 



COMPOUND 
Dose No. 
/xg/kg of 
i.v. rats 


FREQUENCY 
No. contr./15 min 
before after 
treatment treatment 


AMPLITUDE 
mm Hg 
before after 
treatment treatment 


Comnound C 
30 6 
100 6 
300 6 
1000 6 
ED 5 o(Mg/kg) 


9.7±1.0 7.2±1.3 
9.7±1.0 4.5±1.6* 
12.7±1.3 2.2±0.9* 
11.2±1.0 4.0±1.4* 
54 (33 + 91) 


29.6±7.4 24.0±6.2 
19.0±0.0 15.5 ±0.5 
n.c. n.c. 
40.0±0.0 25.5 ±0.5 
n.a. 


f nmnnund D 

30 6 
100 6 
300 6 
1000 6 
ED 5 oWkg) 


9.3±0.8 9.5±1.3 
15.3±1.0 9.3±2.8 
13.2±2.7 4.2±2.2* 
10.2±0.6 4.2±1.5* 
77 (49 + 122) 


27.0±2.4 23.8±2.6* 
27.0±1.5 23.7 ±1.5* 
26.0 20.0 
32.0±5.0 23.5±5.5 
n.a. 


Flavoxate 

1000 17 
3000 21 
10000 20 
ED 50 (/*g/kg) 


9 2±1.2 8.8 + 1.7 
10.1 ±0.7 8.6±0.9 
10.7±0.7 6.5+0.7* 
11.3±0.8 5.5±0.6* 
2650 (1430 + 4910) 


25.9±1.3 24.1±1.8 
26.1 ±2.3 25.0 ±2.2 
18.9±0.9 16.6±1.2 
19.9±1.6 19.2±1.5 
n.a. 


Oxybutynin 
30 6 
100 6 
300 12 
1000 13 
3000 13 
ED 5 o(Mg/kg) 


14.8±1.9 15.5±2.3 
13.3±1.1 14.7±1.0 
10.1 ±0.7 8.8±0.8 
9.7±0.8 9.5±0.8 
10.0±0.7 9.9±1.5 
n.a. 


26.7±2.7 23.3±ZO 
25.0±3.7 18.7±2.7* 
20.9±1.7 13.6±0.8* 
20.3±2.4 11.8±1.2* 
18.0±1.4 10.8±1.0 
240 (140 -s- 400) 


NAN-190(A) 
30 10 
100 10 
300 11 
ED 50 0*g/kg) 


13.5±1.2 11.8±1.5 
13.6±1.0 6.4±1.1* 
11.8±1.1 6.6±1.1* 
46 (23 + 92) 


30.2±3.7 26.1 ±3.1* 
22.5±1.7 17.3±2.9 
24.1±1.8 17.6±1.7* 
n.a. 



* = p^O.Ol (Student's t test for paired data) 
n.c. = not calculated 

n.a. = not active on the parameter 

A) = higher doses were not tested because of the high toxicity and low solubility of 
this compound. 
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T ABLE 5 

Effects on rhythmic bladder voiding contractions after intravenous administration. 

Data represent the mean values ± S.E. of the duration of bladder quiescence 
(disappearance time of contractions in min). The EDjomin vo/uw represent the 
extrapolated dose inducing 10 min of disappearance of the contractions. 



COMPOUND 

^tg/kg i.v. rats 


BLADDER CONTRACTIONS 
Disappearance time 
(min) 


v_^onipounu A 
1 10 
3 10 
10 10 
30 10 
100 10 

on/1 1 n 


1.34 ± 0.23 
2.15 ± 0.42 
8.13 ± 1.90 
8.87 ± 1.08 
12.56 ± 2.07 


ED 10 min0*g/kg) 


37 (18 77) 


Compound B 

0.3 6 

1 6 

3 6 
in A 

30 6 


1.10 ± 0.16 
4.33 ± 1.30 
7.58 ± 2.15 
10 00 + 0 92 
8.85 ± 1.53 


EDiominOtg/kg) 


9 (3 + 24) 


Compound C 
30 6 
100 6 
300 6 
1000 6 


4.00 ± 1.87 
9.60 ± 2.37 
12.37 ± 2.63 
14.00 ± 4.45 


ED 10in to(Mg/kg) 


173 (28 -s- 1087) 


Compound D 
30 6 
100 6 
300 6 
1000 6 


1.63 ± 0.50 
6.55 ± 2.24 
12.75 ± 2.45 
9.37 ± 2.44 


EDi0minC*g/kg) 


181 (89 -i- 366) 
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TABLE 5 continued 



COMPOUND 

Dose No. of 

/ig/kg i.v. rats 


BLADDER CONTRACTIONS 
Disappearance time 
(min) 


Flavoxate 
300 5 
1000 17 
3000 21 
10000 20 

EDiOminO^kg) 


1.70 ± 0.60 
3.04 ± 0.96 
5.30 ± 1.00 
8.25 ±1.90 

> 10000 


NAN-190(A) 
30 10 
100 io 
300 11 

EDiominO*g/kg) 


1.80 ± 0.52 
6.34 ± 1.18 
5.47 ± 1.93 

> > 300 



A) = higher doses were not tested because of the high toxicity and low solubility of 
this compound. 

Compound B, after intravenous administration, dose dependently inhibited the 
frequency of the rhythmic bladder voidings and also reduced amplitude to some extent. 
Compound A, after intravenous administration, dose dependently inhibited the 
frequency of the rhythmic bladder voidings with no effect on their amplitude. The 
maximal change of this parameter, in fact, was about 13% and no dose-dependence 
was observed. Of the test compounds shown, Compound B was the most potent, being 
46- and 2650-fold more active than NAN-190 and flavoxate, respectively. Compound 
A was 9- and 530-fold more active than NAN-190 and flavoxate, respectively. 

By contrast, oxybutynin was only effective at reducing the amplitude of the 
contractions, confirming that its effects are due to a complete inhibition of the 
muscarinic receptors in the bladder. 

The compounds that reduced the contraction frequency induced a complete and 
transient disappearance of contractions for a time period that was directly proportional 

to the administered dose (Table 5). 
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Tables 4 and 5 also illustrate the effects on volume-induced bladder contractions of 
flavoxate, a drug widely utilized in clinical therapy for bladder dysfunctions. 
Administration of this drug resulted in suppression of bladder contractions. The mean 
disappearance time observed after administration of the highest tested dose (10,000 
/ig/kg i.v.) was 8.25 ± 1.90 min. NAN-190 at the highest tested doses of 100-300 
/ig/kg gave a maximum disappearance time ranging from 5.5 to 6.3 min. (higher doses 
were not tested because of the high toxicity and low solubility of this compound). 

These results indicate that Compound B and Compound A are potent compounds in 
reducing the frequency of the voiding contractions when compared to flavoxate and 
NAN-190 in terms of both absolute potency (ED50) and disappearance time (EDjomin)- 
Their mechanism of action appears to be different from that of oxybutynin, a peripheral 
antimuscarinic. Furthermore, their effects appeared at very low doses. 

Example 9 

Effect of 5-HT i a Receptor Antagonists on Cystometric Parameters in the Conscious 
Rat 

A, Methods: 

Male Sprague Dawley rats (Crl: CD° BR) weighing 250-350 g were used. The animals 
were housed with free access to food and water and maintained on a forced 12 h 
alternating light-dark cycle at 22-24°C for at least one week, except during 
performance of the experiment. 

To quantify urodynamic parameters in conscious rats, cystometrographic studies were 
performed using procedures described in Pietra et al., IRCS Med. Sri., 14, 992, 1986; 
and Guarneri et al., Pharmacol. Res. f 24, 175, 1991. 

Male rats were anaesthetized with nembutal (30 mg/kg) and chloral hydrate (125 
mg/kg) i.p. and were placed in a supine position. An approximately 10 mm long 
midline incision was made in the shaved and cleaned abdominal wall. The urinary 
bladder was gently freed from adhering tissues, emptied, and then cannulated, via an 
incision at the dome, with a polyethylene cannula (Portex PP30), which was 
permanently sutured with silk thread. The cannula was exteriorized through a 
subcutaneous tunnel in the retroscapular area, where it was connected with a plastic 
adapter to avoid the risk of removal by the animal. For intravenous (i.v.) injection of 
test compounds, a PE 50 polyethylene' tubing filled with physiological saline was 
inserted into the jugular vein and exteriorized in the retroscapular area. 
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Since cystometrographic parameters have been reported to be influenced by the time 
elapsed after catheter implantation Yaksh et aL Amer. /. Physiol., 25±, R1177, 1986 
the rats were utilized exclusively one day after implantation. 

On the day of the experiment, the rats were placed in Bollman's cages; after a 
stabilization period of 20 min, the free tip of the bladder catheter was connected 
through a T-shaped tube to a pressure transducer (Bentley T 800/Marb P 82) and to a 
peristaltic pump (Gilson minipuls 2) for a continuous infusion, at the constant rate of 
0.1 ml/min, of saline solution into the urinary bladder. The intraluminal pressure signal 
during infusion was continuously recorded on a polygraph (Battaglia Rangoni KO 380 
with ADC1/T amplifier). Two urodynamic parameters were evaluated: bladder volume 
capacity (BVC) and micturition pressure (MP). BVC (in ml) is defined as the minimum 
volume infused after which detrusor contraction (followed by micturition) occurs. MP 
(in mmHg) is defined as the maximal intravesical pressure induced by the contraction 
of detrusor during micturition. Basal BVC and MP values were calculated as the means 
of the first two recorded cystometrograms. At this point, the infusion was interrupted 
and the test compounds were administered. Fifteen minutes after intravenous 
administration, or one hour after oral drug administration, two additional 
cystometrograms were recorded in each animal and the mean values of the two 
cystometrographic parameters were calculated. A typical tracing is shown in Figure 2, 
where the effects of 3 mg/kg p.o. of Compound A are shown. 

The statistical significance of the differences in urodynamic parameter values was 
evaluated by Student's r test for paired data. Only changes showing a probability 
P<0.01 were considered to be significant. 

B. Results: 

The effects on urodynamic parameters in conscious rats after i.v. administration of 
different doses of Compound A and the reference compounds are summarized in Tables 
6 and 7. 
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T ABLE 6 

Effects on cystometrogram in conscious rats. 

Data represent the mean ± S.E. values (ml) of bladder volume capacity (BVC), before 
and 15 min after i.v. injection of the compounds. 



COMPOUND 

Dose No. of 

pg/kg i.v. rats 


BVC 

before after % 
treatment treatment change 


CONTROL 
vehicle 12 


0.50±0.09 0.43 ±0.06 -17 


Compound A 
100 8 
300 9 
1000 20 
2000 10 


0.65±0.06 0.66±0.08 +4 
0.47±0.05 0.63 ±0.06* +32 
0.64±0.05 0.83±0.07* +29 
0.48 ±0.04 0.63 ±0.05* +32 


Flavoxate 

300 17 
1000 14 
3000 18 


0.76±0.11 0.87±0.11 +14 
0.88±0.15 1.11±0.16* +26 
0.77±0.08 1.07 ±0.12* +39 


Oxybutynin 
100 13 
300 12 
1000 12 


0.82±0.15 0.89±0.18 +9 
0.83±0.13 0.83±0.12 0 
0.94±0.19 1.00±0.18 +7 


NAN- 190(A) 
30 8 
100 8 
300 8 


0.74±0.09 0.78±0.10 +6 
0.68±0.10 0.76±0.10 +12 
0.62±0.06 0.61 ±0.06 -1 



* = p < 0.01 (Student's t test for paired data) 

A) higher doses were not tested because of the high toxicity and low solubility of 
this compound. 
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TABLE7 

Effects on cystometrogram in conscious rats. 
Data represent the mean values ± S.E. (mmHg) of micturition pressure (MP), before 
and 15 min after z'.v. injection of the compounds. 



COMPOUND 

Dose No. of 

Mg/kg i v. rats 


MP 

before after % 
treatment treatment change 


CONTROL 
vehicle 12 


91. 3± 9.2 87.9± 9.9 -4 


Compound A 
100 8 
300 9 
1000 20 
2000 10 


93.0± 8.3 83. 8± 8.7 -10 

mm r% <n i CO HA f\_i_ A 1 11 

78. 7± 5.8 7U.U± 4.1 -ii 
104.6± 6.4 91.0± 6.3* -13 
101.8±10.9 81.5±14.1 -20 


Flavoxate 

300 17 
1000 14 
3000 18 


89.2±10.7 95.0±10.9 +7 
90.4±10.7 80.1±11.1 -12 
72.6± 9.3 75.2±9.5 +4 


Oxybutynin 
100 13 
300 12 
1000 12 


95.2± 9.2 77.4±10.3* -19 
82.3± 8.7 50.5± 6.3* -39 
110.9±10.2 29.6± 5.6* -73 


NAN-190(A) 
30 8 
100 8 
300 8 


99.4±10.1 104.6± 9.7 +5 
93.8±11.5 82.5 ±9.2 -12 
86.6±10.3 88.4±11.8 +2 



* = p £0.01 (Student's t test for paired data) 

A) = higher doses were not tested because of the high toxicity and low solubility of 
this compound. 

The administration of Compound A induced constant and significant increases of the 
BVC. Flavoxate (1000-3000 /ig'kg) also induced increases in BVC, and the differences 
between basal and after treatment values were statistically significant (Table 6). 

Oxybutynin was inactive on BVC (Table 6), but induced very consistent, significant 
and dose-related reductions of MP (the approximate ED 50 value was 400 fig/kg), in 
contrast to Compound A and flavoxate which were inactive on this parameter (Table 
7). NAN-190 was devoid of significant effects on both parameters up to the highest 
administrable dose of 300 fig/kg. 
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The effects of these compounds after oral administration were also tested. The results 
are shown in Tables 8 and 9 below. 

TABLE 8 

Effects on cystometrogram in conscious rats. 

Data represent the mean values ± S.E. (ml) of bladder volume capacity (BVC), before 
and 1 hour after oral administration of the compounds. 



COMPOUND 

Dose No. of 

nig/kg p.o. rats 


BVC 

before after % 
treatment treatment change 


CONTROL 
vehicle 1 1 


0.64±0.10 0.73±0.13 +14 


Compound A 
1 10 
3 10 
10 10 


0.52 ±0.07 0.60±0.08 +15 
0.67±0.07 0.91 ±0.10* +35 
0.54±0.06 0.73±0.10* +37 


Oxybutynin 
1 8 
3 8 
10 8 


0.56±0.11 0.74±0.11* +31 
0.54±0.07 0.63±0.13 +18 
0.55 ±0.08 0.70±0.11 +27 


NAN-190 

10 10 
30 10 


0.54±0.08 0.46±0.07 -14 
0.71 ±0.09 0.60±0.09 -15 



* = p ^0.01 (Student's / test for paired data) 
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TABLE 9 

Effects on cystometrogram in conscious rats. 
Data represent the mean values ± S.E. (mmHg) of micturition pressure (MP), before 
and 1 hour after oral administration of the compounds. 



Compound 

Dose No. of 
mc/kc o.o. rats 


MP 

before after % 
treatment treatment change 


CONTROL 
vehicle 1 1 


84.1±10.1 73.3±11.0 -13 


Compound A 
1 10 
3 10 
10 10 


96.0±8.4 93.7 ±7.2 -2 
112.5±6.5 107.6±9.2 -4 
90.2±7.1 86.6±7.6 -4 


Oxybutynin 
1 8 
3 8 
10 8 


92.1±13.3 77.3±9.8 -16 
82.1±5.1 42.1±5.1* -49 
98.3±9.0 31.8±3.9* -68 


NAN-190 

10 10 

30 io 


106.1±10.4 90.8±12.5 -14 
105.1±10.5 95.8±15.3 -9 



* = p ±0.01 (Student's t test for paired data) 

Compound A produced a significant increase of BVC after oral administration of 3 
mg/kg, and no changes in MP values were detected. Oxybutynin caused a significant 
increase of the BVC after oral administration at the lowest utilized dose (1 mg/kg), and 
produced a dose-related reduction of the MP values that was consistent and significant 
with 3 and 10 mg/kg dose-levels (approximate ED 50 value was 4 mg/kg). NAN-190 
was inactive after oral administration at doses up to 30 mg/kg, a dose 10-fold higher 
than the minimal effective dose of Compound A. 

These results were consistent with those obtained in anaesthetized rats as described in 
Example 8 above. Compound A was found to be active in increasing the BVC without 
affecting bladder contractility (MP), in contrast to oxybutynin. Compound A was also 
found to be active after both i.v. and oral administration, in contrast to NAN-190 
which was inactive after i.v. or oral administration of doses up to 10-fold higher than 
those used for Compound A. 
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The above results show that compounds endowed with antagonistic activity at pre- and 
post-synaptic 5-HTi A receptors and devoid of significant affinity for the a 3 -adrenergic 
receptors are unexpectedly endowed with a potent pharmacological activity on the 
lower urinary tract. In particular, these compounds are able to inhibit the micturition 
reflex and to increase the period between micturition without impairing the capability 
of detrusor to have effective voidings once the micturition threshold has been reached. 
This is important since the drugs currently used for treatment of urinary incontinence 
(mainly anticholinergics) decrease efficiency of micturition, as shown for oxybutynin in 
Example 9, when the micturition pressure is reduced, and causes an increase of residual 
volume, due to compromission of bladder contractile force. 
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CLAIMS 

1. Use of a compound which 

(a) binds to a 5-HTi A receptor with an affinity of at least 10-7 M, 

(b) binds to a 5-HTi A receptor with an affinity at least 50-fold stronger than the 
affinity with which the compound binds to an or r adrenergic receptor, and 

(c) exhibits 5-HTi A receptor antagonist activity on both pre-synaptic and 
post-synaptic 5-HT 1A receptors, 

or of a stereoisomer, hydrate, solvate or pharmaceutical^ acceptable salt of such a 
compound, for the preparation of a medicament for the treatment of lower urinary tract 
disorders in mammals. 

2. Use according to claim 1 of a compound having the general formula I 

Ra 



wherein 

Ra represents a hydrogen atom or a lower alkyl group; 

Ra* represents an aryl, nitrogen containing heteroaryl or bicyclic heteroaryl group; 
Xa represents one of the groups 




Ra 2 



Ra* 



(Aa) 




Ra3 



Ra5 



(Ba) 



Ra 6 
I 

-Ka-N-CORa? t 




<CH 2 ) 



ma 



(Ca) 



(CH 2 ) 



ma 




Ya-Ra 13 



and 
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(Ea) 



-Ka 




Ran 



na is 1 or 2; 
ma is 1, 2 or 3; 

Ra2 represents a hydrogen atom or a lower alkyl group; 

Ra3 represents an aryl or aryl(lower)a!kyl group; 

Ra 4 represents a hydrogen atom or a C]-C$ alkyl group; 

Ra5 represents a hydrogen atom or a C1-C3 alkyl, C 3 -C l2 cycloalkyl or 
cycloalkyl(lower)alkyl group; or Ra 4 and Ra5 together with the nitrogen atom to which 
they are attached represent a 1-azetidinyl, 1-pyrrolidinyl, piperidino, 
1-perhydroazepinyl, morpholino, or 1-piperazinyl group, each optionally substituted by 
a lower alkyl, aryl or aryl(lower)alkyl group; 
Ra* represents a monocyclic or bicyclic heteroaiyl group; 

Ra? represents a hydrogen atom, a lower alkyl, cycloalkyl, cycloalkenyl, 
cycloalkyl(lower)alkyl, aryl, aryl(lower)a!kyl, heteroaryl or heteroaryl(lower)alkyl 
group, or a group -NRaSRa* or ORalO; 

Ra« represents a hydrogen atom or a lower alkyl, aryl or aryl(lower)alkyl group; 
Ra 9 represents a hydrogen atom or a lower alkyl, -CO-(lower)alkyl, aryl, -CO-aryl, 
aryl(lower)alkyl, cycloalkyl or cycloalkyl(lower)alkyl group; or Ra* and Ra* together 
with the nitrogen atom to which they are attached represent a saturated heterocyclic 
group which may contain an additional heteroatom; 

Raio represents a lower alkyl, cycloalkyl, cycloalkyl -(lower)alkyl, aryl, 
aryl(lower)alkyl, heteroaryl or heteroaryl(lower)alkyl group; 
Ran represents an aryl or nitrogen containing heteroaryl group; 
Rai2 represents a hydrogen atom or a lower alkyl group; 

Ra" represents a hydrogen atom or a CVC3 alkyl, C3-C12 cycloalkyl or 
cycloalkyl(lower)alkyl group; 
Ra 14 represents an aryl group; 

Ka represents a C2-C4 alkylene group optionally substituted by one or more lower alkyl 
groups; and 

Ya represents a carbonyl, alkylene, hydroxyalkylene or hydroxy cycloalkylene group or 
a group -S(0) oa ; where oa = 0 to 2. 

3. Use according to claim 1 of l-[N-cyclohexylcarbonyl-N-(2-pyridyl)- 
-2-aminoethyl)-4-(2-methoxyphenyl)-piperazine. 



# 
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4. Use according to claim 1 of l-[N-cyclohexylcarbonyl-N-(2-pyridyl)- 
-2-aminoethy I)-4-(4-indoly I)-piperazine . 

5. Use according to claim 1 of a compound having the general formula II 



wherein 

Qb represents a C].C 3 alkylene group, optionally substituted by one or more lower 
alkyl groups; 

Rb 1 represents a hydrogen atom or a lower alkyl group; 
Rb2 represents one of the groups 





Rot 



(Rb?)tt> 



(Bb) 




(Cb) 



Rb9-CH 2 CH 2 - , 




Zb 



(Db) 



(Eb) 
(Fb) 



Rb">-0-CH 2 CH(OH)CH 2 - and 
Rbi0-O-CH 2 CH 2 -; 



SUBSTITUTE SHEET (RULE 26) 
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or Rb 1 and Rt£ together with the nitrogen atom to which they are attached represent a 
group of the formula 



Rb 3 represents a hydrogen atom or a lower alkyl group; 
Rb 4 represents an aryl, bicyclic aryl or heteroaryl group; 
Rb 5 represents a hydrogen atom or a lower alkyl group; 

Rb6 represents a hydrogen atom or a Q.Cio alkyl, C3_C] 2 cycloalkyl, 
cycloalkyl(lower)alkyl, aryl or aryl(lower)alkyl group; 

or Rb 5 and Rb 6 together with the nitrogen atom to which they are attached represent a 
saturated heterocyclic group, optionally containing an additional hetero atom and 
optionally substituted by a halogen atom or a lower alkyl, aryl, aryl(lower)alkyl, lower 
alkoxy or halo(lower)alkyl group; 

ab is 0 to 3 and bb is 0 to 3 but (ab + bb) is not more than 3; 

— represents an optional double bond which can be present provided that ab is at least 
i; 

Xb represents a group -(CH 2 ) nb -, -OCH 2 - or -SCH 2 S 

mb is 0 or 1, nb is 1 to 3, and pb is 0 or 1; provided that (mb + pb) is 1 and (mb + 
nb) is not more than 3; 

Rb7 represents a hydrogen or halogen atom, or a lower alkyl, (lower)alkylcarbonyl, 
lower alkoxy, (lower)alkoxycarbonyl, hydroxy, trifluororaethyl, carboxamido, nitro, 
cyano, amino, (lower)alkylamino or di(lower)alkylamino group; 

Rb 7, represents a hydrogen or halogen atom; with the proviso that when Xb represents 
a group -OCH 2 - or -SCH 2 - then Rb 7 ' represents a hydrogen atom; 
Rb 8 represents a hydrogen atom or a lower alkyl group; 
ib » 0, 1 or 2; jb = 0, 1 or 2; 

Yb represents an oxygen or sulphur atom or a methylene group; 

Zb represents the atoms necessary to form a heteroaromatic ring having from 5 to 7 
carbon atoms fused to the non-aromatic ring containing the Yb group; 
Rb 9 represents a monocyclic or bicyclic heteroaryl group; 

Zb' represents either a pair of hydrogen atoms or the atoms necessary to form an 
aromatic or heteroaromatic ring fused to the benzodioxanyl group; and 
Rbi° represents a monocyclic or bicyclic aryl or bicyclic heteroaryl group. 



/ 
\ 



(CH 2 ) ab 




— N 
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6. Use according to claim 1 of a compound having the general formula III 
Rc 4 Rc3 Rci 

N — CH 2 — C — N (III) 

/ I \ 

Rc5 Rc3* CO—Rc2 

wherein 

Rc 1 represents a heteroaryl or bicyclic heteroaryl group; 
Re* represents a cycloalkyl group; 
Rc3 represents a hydrogen atom or a lower alkyl group; 
Rc 3 ' represents a hydrogen atom or a lower alkyl group; 
Rc 4 represents a hydrogen atom or a lower alkyl group; and 

Rc5 represents one of the groups (Ab), (Bb), (Cb), (Db), (Eb) and (Fb) as defined in 
claim 5, 

or Rc 4 and Rc5 together with the nitrogen atom to which they are attached represent a 
group of the formula 

,(CH 2 ) ab . 

Rb 4 




wherein ab, bb, Rb 4 and — are as defined in claim 5. 



7. Use according to claim 1 of a compound having the general formula IV 




(IV) 



Ae represents a group -OCH=CH-, -OCH 2 CH 2 -, -0CH 2 O, -OCH 2 CH 2 0- or 
-OCOCH=CH-; 

each Re independently represents a hydrogen or halogen atom or an alkyl, hydroxy, 
alkoxy, trifluoromethyl or cyano group; 

Ke represents a Ci-Cs linear or branched alkylene group, optionally substituted by an 
aryl or heteroaryl group; 

Re* represents a phenyl, thienyl, naphthyl or benzothiophenyl group, or a group of the 
formula 
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O O 0 

wherein pe is 3 or 4; qe is 0 to 3; re is 0 to 2; se is 1 or 2; 

each Re* independently represents a halogen atom or an alkyl, hydroxy, alkoxy, 

trifluoromethyi or cyano group; 

De represents a group -CH=CH- or (CH 2 ) 2 -4; and 

each of Xe 1 , Xe 2 and Xe3 independently represents a hydrogen atom or an alkyl, 
alkoxy, hydroxy, alkylthio, trifluoromethyi, nitro, amino or acetamido group, or two 
of Xe*, Xe 2 and Xe3 together represent a group -OCH 2 0- or -OCH 2 CH 2 0-. 



8. Use according to claim 1 of a compound having the general formula V 




each of Rg 1 and Rg2 independently represents a hydrogen or halogen atom or a 
trifluoromethyi or Q-C4 alkoxy group; 

or Rgi and Rg2, being on adjacent carbon atoms, together represent a group of formula 
-0(CH 2 )igO- wherein ig is from 1 to 3; 

each of Rg 3 , Rg 4 and Rg 5 independently represents a hydrogen atom or a C r C4 alkyl 
group or a phenyl group; 

Yg represents a nitrogen atom or a group CH; and 

Rg 6 represents a heteroaryl, phenyl or substituted phenyl group. 
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9. Use according to claim 1 of a compound having the general formula VI 



wherein 

— represents a single or a double bond; 

Rii represents a hydrogen atom, a C r C 4 alkyl, C3-C4 alkenyl, phenyl(C r C 4 )alkyl or 
cyclopropylmethyl group, or a group CORi 4 , -(CH 2 )niS(Ci-C 4 )alkyl or 
-(CH 2 )„iC(0)NRi9Riio ; 

Ri* represents a hydrogen atom or a C1-C4 alkyl, C3-C4 alkenyl or cyclopropylmethyl 
group; 

Ai represents a tetrazolyl or substituted tetrazolyl group, a heteroaryl group having 5 or 
6 ring atoms of which from 1 to 3 may be oxygen, sulphur or nitrogen atoms, or a 
group Qi=C— Xi ; 



Bi represents a hydrogen atom, a Q-C4 alkyl group or an amino-blocking group; 

Xi represents a hydrogen atom or a group -ORi3, -SRj3 or -NRiSRi*; 

Ri3 represents a C1.C3 alkyl, substituted Q.C3 alkyl, aryl, substituted aryl, 

aryl(C 1 .C 4 )alkyl, substituted aryl(Ci.C 4 )alkyl or C3.C7 cycloalkyl group; 

Ri 4 represents a hydrogen atom or a Cj-C 4 alkyl, Ci-C 4 haloalkyl, Ci-C 4 alkoxy or 

phenyl group; 

each of Ri* and Ri^ independently represents a hydrogen atom or a Cj-C 4 alkyl, 
phenyl(Ci-C 4 )aIkyl or phenyl group; 

or Ri5 and Ri* together with the nitrogen atom to which they are attached represent a 
C3-C5 heterocyclic ring; 

each of Ri* and Ri*o independently represents a hydrogen atom or a C1-C4 alkyl or 
Cs-Cg cycloalkyl group; 
ni is 1 to 4; and 

Qi represents an oxygen or sulphur atom. 




(VI) 
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10. Use according to claim 1 of a compound having the general formula VII 




(VII) 



wherein 

Rdi represents an n-propyl or cyclobutyl group; 

Rd* represents an isopropyl, t-butyl, cyclobutyl, cyclopentyl or cyclohexyl group; and 
Rd3 represents a hydrogen atom or a methyl group. 
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We examined the effects of inaperisone hydrochloride (inaperisone), a new centrally acting muscle relaxant, on bladder 
function in anesthetized rats and isolated rat tissues. We also investigated its mechanism of action. When a balloon inserted into 
the bladder was expanded, rhythmic bladder contractions were observed; inaperisone (4 mg/kg i.v.) abolished these contractions, 
in both normal and decerebrated rats. The bladder tonus or bladder contraction induced by peripheral stimulation of the pelvic 
nerve was barely inhibited by inaperisone (4 mg/kg i.v.) t but this dose of inaperisone abolished the efferent discharge from the 
pelvic nerve that accompanied the rhythmic bladder contractions. The doses of intracerebroventricularly (i.c.v.) and intrathecally 
injected inaperisone which abolished the rhythmic bladder contractions were 10 and 100 respectively. The inhibitory effects 
of inaperisone (4 mg/kg i.v.) were not diminished by naloxone (1 mg/kg i.v.) or by bicuculline (0.5 mg/kg i.v.), but were 
diminished by phaclofen (30 mg/kg i.v. or 300 fig i.c.v.). The specific binding of [ 3 H]baclofen to rat brain synaptosomal 
membranes was barely inhibited by inaperisone (up to 1 mM). From these results/ it is speculated that, among other possible 
mechanisms, inaperisone inhibits the micturition reflex by acting indirectly on GABA B receptors in the brainstem. 

Inaperisone hydrochloride; Micturition reflex; Rhythmic bladder contraction; GABA B receptors; (Rat) 



1. Introduction 

Baclofen, a centrally acting muscle relaxant and 
GABA B receptor agonist (Hill and Bowery, 1981), is a 
lipophilic derivative of y-aminobutyric acid (GABA) 
which is one of the major inhibitory transmitters in the 
central nervous system (CNS) (Curtis and Johnston, 
1974). Baclofen is clinically useful for the treatment of 
patients with unstable bladder symptoms (Taylor and 
- Bartesr T979)r r Iir"5nclr cases, the actlon^f"rJaclofefTls 
thought be due to its influence on spinal (Teague and 
Merrill, 1978) and brainstem (Kontani et al., 1988) 
GABA mechanisms. 

The recently developed centrally acting muscle re- 
laxant, inaperisone hydrochloride (inaperisone) (fig. 1), 
has been shown to reduce the severity of decerebrated 



rigidity in rats (Morikawa et al., 19S7). We recently 
reported that inaperisone also increased bladder ca- 
pacity in anesthetized rats, cats, arid dogs and in con- 
scious rats (Morikawa et al., 1988). In this study, in 
order to elucidate the actions and mechanism of action 
of inaperisone on bladder function, we mainly investi- 
gated the effects of this drug on rhythmic bladder 
contractions in anesthetized rats. These contractions 
were produced by the rhythmic efferent discharge of 
- tli e-pe-lvie-n e-rve-i n n erva tin g-t-h e-blad de-r-tDe-Gro at-and 
Ryail, 1969; Sato et al., 1975, 1977, 1980; Morikawa et 
al., 1989b). In addition, we compared the main actions 
of inaperisone with those of baclofen, oxybutynin hy- 
drochloride (oxybutynin, an anticholinergic antipollaki- 
uria agent that is clinically useful for the treatment of 
detrusor instability; Moisey et al., 1980), arid atropine 
sulfate monohydrate (atropine). 



Correspondence to: K. Morikawa. Central Research Laboratories, 
Hokuriku Seiyaku Co., Ltd.. 2-1. Inokuchi 37. Katsuyama, Fukui 911, 
Japan. 



CH 3 CH 2 --^J^ COCHCH2 
CH 3 

Fig. 1. Chemical structure of inaperisone hydrochloride (inaperisone). 
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2. Materials and methods 



was placed on a pair of platinum electrodes and cov- 
ered with paraffin oil. Efferent discharges from the 



2. /. In vivo experiments 

Male Wistar rats weighing about 300 g were anes- 
thetized by combined i.p. administration of urethane 
and a-chloralose at various doses, and were fixed on 
their backs on a board. The abdomen was opened by a 
midline incision. The urinary bladder was exposed and 
a balloon (about I ml capacity) was inserted through 
the apex of the bladder dome. The balloon was con- 
nected to a pressure transducer (Nihon Kohden, LPU- 

0 1) and a svringe with a polyethylene T-tube. The 
whole svstem was filled with saline, and variations m 
intravesical pressure were recorded on a recorder. Both 
ureters were cut, so that the urine from the kidney was 
led out of the body. The left jugular vein was cannu- 
lated for i.v. injection. For intracerebroventncular 
(i c v ) injection, the rats were anesthetized with pento- 
barbital (45 mg/kg i.p.). A stainless stylet was im- 
planted, using a stereotaxic technique (Kanya et al., 
1982). The stylet was placed in the right ventricle (A: 

6 ? L- 1 0 H- + 1.2) according to De Groot's stereo- 
taxic atlas' (De Groot, 1959). One week after stylet 
implantation, drugs were injected into the cerebral 
ventricle with a microsyririge. For intrathecal (i.t.) in- 
jection, the drugs were injected into the spina sub- 
arachnoid space (Yaksh and Rudy, 1976). While the 
animals were , under anesthesia, a polyethylene tube 
was inserted, to a depth of approximately 8.5 cm, 
through a space between the-first and second-cerebral 
vertebrae into the subarachnoid space. The board onto 
which the rat was fixed was raised by about 1 cm at the 
head end so that the injected . solution could flow 
caudally. For decerebrated rats, the mid-brain was 
sectioned with a spatula between the inferior and supe- 
rior colliculi while the animals were anesthetized. 

7 1.1. Rhythmic bladder contractions 

Rats were anesthetized with urethane (aOO mg/kg 

1 p ) and a-chloralose (50 mg/kg i.p.), and rhythmic 
-■-Madxter-com^actions-^CTeHnduced- 

travesical pressure (by inflating the inserted balloon) to 
10-15 cm H,0. Drugs were injected after the rhythmic 
bladder contractions had become stable. 

? 1 ? Pelvic or hvpogastric nerve activity „ 

For examinine pelvic nerve activity, the pelvic nerve 
of one side and the hypogastric nerves of both sides 
were divided centrally, at about 5 and 10 mm, respec- 
tively, from the pelvic ganglion. For examining hy- 
pogastric nerve activity, the hypogastric nerve of one 
side was divided centrally, at about 10 mm from the 
pelvic ganelion. The central end of the divided pelvic 
or hypogastric nerve was isolated from the surrounding 
connective tissue for as great a distance as possible and 



pelvic or hvpoaastric nerve were amplified with an 
amplifier (Nihon Kohden, AVB-10) and displayed on 
an oscilloscope (Nihon Kohden, VC-10). The oscillo- 
scope display was filmed (Nihon Kohden. RLG-6101). 
The same discharges were transformed into unit 
square-wave pulses and these were counted with a 
pulse counter (Nihon Kohden, AU-601G). As the am- 
plitudes of the efferent discharges were very small and 
the discharges could not be completely separated from 
background noise, the trigger level of the pulse counter 
was adjusted so that it counted only discharges with a 
voltage higher than an arbitrary threshold. The counts 
of the pulse counter were recorded on a recorder, 
together with the rhythmic bladder contractions. Drugs 
were injected after the efferent discharges had become 
stable. 

2.1.3. Bladder tonus 
Rats were anesthetized with urethane (800 mg/kg 

i p ) and a-chloralose (80 mg/kg i.p.). Bladder tonus 
was preserved by raising the intravesical pressure to 
10-15 cm H,0. Drugs were injected after the tonus 
had become stable. 

2.1.4. Bladder contraction induced by stimulation of the 
peripheral end of the pelvic nerve 

Rats were anesthetized with urethane (S00 mg/kg 
ip) and a-chloralose (80 mg/kg i.p.). Both pelvic 
nerves and both hypogastric nerves were divided, at 
about 5 and 10 mm, respectively, from the pelvic gan- 
glion One of the peripheral ends of the pelvic nerve 
was placed on a pair of platinum electrodes and was 
covered with paraffin oil. The pelvic nerve was stimu- 
lated electrically (rectangular pulses of 1-ms duration 
and supramaximal voltage generated from a stimulator; 
Nihon Kohden, SEN-3201) for 5 s at 2-mm intervals. 
Drugs were injected after the bladder contractions had 
become stable. 

_ . 2-=2r-ln-nitro-experiment - ■ ■- 

Male Wistar rats weighing about 300 g were killed 
by a blow to the back of the head and were exsan- 
guinated. The urinary bladder, excluding the trigone 
parts, was removed. Longitudinal detrusor strips (3X2 
mm) were prepared from the posterior and anterior 
parts of the urinary bladder body. Each detrusor strip 
was suspended vertically in an organ bath (10 ml) 
containing Krebs-Henseleit solution continuously bub- 
bled wittTa gas mixture of 95% O, and 5% CO; at 
37°C Isometric contractions induced by acetylcholine 
chloride (ACh, 10" 3 M) or KC1 (60 mM) under a 
loading tension of 1 g were recorded with a force-dis- 
placement transducer (Orientic, T7-30-240). Each strip 
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was allowed to stand for at least 1 h, until its move- 
ments became stable. Drugs were administered 30 min 
before the contracti ons were induced. 



2.3. GABA B receptor binding 

Crude synaptic membranes were prepared from 
whole brain (Hill and Bowery, 1981). Male Wistar rats 
weighing about 300 g were killed by a blow to the back 
of the head and were exsanguinated. The brains were 
removed and homogenized in 10 volumes of ice-cold 
0.32 M sucrose. The homogenate was centrifuged at 
1000 for 10 min and the supernatant was recen- 
trifuged at 20 000 for 20 min. The resultant pellet 
was dispersed in distilled water and centrifuged for 20 
min at 8000 x g. The supernatant, together with the 
buffer layer on the pellet, was then centrifuged at 
50 000 for 20 min. The resultant pellet was resus- 
pended in distilled water and again centrifuged at 
50000 Xg for 20 min. The final pellet was stored at 
- 15°C until used for the radioligand binding assay (at 
least 16 h). For the assay, the pellet was thawed at 
room temperature and suspended in 50 mM Tris-HCI 
buffer containing 2.5 mM CaCU (pH 7.4). The suspen- 
sion was incubated for 45 min at 20°C before being 
centrifuged at 7000 Xg for 10 min. This washing pro- 
cedure- was repeated three more times, allowing a 
15-min incubation with each addition of buffer. 

The final pellet was resuspended in buffer for the 
assay. To each 0.4-ml aliquot of membrane suspension 
(0.2-0.3 mg protein, Bradford, 1976) 0.05 ml of buffer 
containing drugs and 0.05 ml of buffer containing 
[ 3 H]baclofen (200 nM) were added. The mixture was 
incubated for 10 min at 20°C and then centrifuged at 
7000 X g for 10 min. The supernatant was aspirated, 
and the pellet was superficially rinsed with 1 ml of 
ice-cold buffer and then solubilized with 0.3 ml proto- 
sol at 50°C. Radioactivity was measured by liquid scin- 
tillation spectrometry (Packard, Model 3385). Specific 
binding was defined as the difference between bound 
[ 3 H]baclofen in the presence and absence of 0.1 mM 
GAB A. 

2.4. Drugs 

Inaperisone and oxybutynin were synthesized in our 
laboratory. The following drugs were purchased: at- 
ropine . (Wako), baclofen (Funakoshi), [ 3 H](-)-baclo- 
fen (50 Ci/mmol, New England Nuclear), bicuculline 
methobromide (bicuculline, Funakoshi), GABA (Sig- 
ma), morphine hydrochloride (morphine, Dainippon), 
muscimol hydrobromide (muscimol, Funakoshi), nalox- 
one hydrochloride (naloxone, Sigma) and phaclofen 
(Funakoshi). 

Baclofen and phaclofen were dissolved in saline 
containing dilute HC1 (for in vivo experiments), in 



distilled water containing dilute HQ (for in vitro exper- 
iments) or in 50 mM Tris-HCI buffer containing 2.5 
mM CaCK (Tris=H CLJEuiffcr) (for— GABA^jeceptor- 
binding). Other drugs were dissolved in saline (for in 
vivo experiments), in distilled water (for in vitro experi- 
ments) or in Tris-HCI buffer (for GABA B receptor 
binding). The volumes of solutions injected were 1.0 
ml/kg (i.v.), 5 fi\ (Lev.), and 20 /il (i.t.). 

2.5. Statistical analysis 

Experimental values are expressed as the means ± 
S.E. Statistical significance was evaluated using Stu- 
dent's t-test. 



3. Results 

In anesthetized rats, when the intravesical pressure 
was set between 10-15 cm H z O by expanding the 
bladder, using the intravesical balloon with an appro- 
priate amount of water, there were large rhythmical 
contractions of the bladder (amplitude 50-60 cm H 2 0; 
frequency 0.5-2/min). These contractions were imme- 
diately abolished by inaperisone (1-8 mg/kg i.v.) and 
baclofen (0.3-3 mg/kg i.v.) (fig. 2 and table 1). The 
effects of inaperisone and baclofen were reversible; 
both the amplitude and the frequency of the rhythmic 
bladder contractions returned to pretreatment levels. 
On the other hand, while the amplitude of the rhyth- 
mic bladder contractions was immediately and partially 
suppressed by oxybutynin (0.01-1 mg/kg i.v.) and at- 
ropine (0.01-1 mg/kg i.v.) (fig. 2 and table 1), this 
effect was not reversible. In addition, oxybutynin (2-8 
mg/kg i.v.), like inaperisone and baclofen, also abol- 
ished the rhythmic bladder contractions, but the ampli- 

2 min 

Inaperisone (4 mg/kg, i.v. ) 

, 2 m tn 

JZ*[ 11UUULAM mMMkJdJJdi 

Oxybutynin ( 8 mg/kg.i.v. ) 

, 21 min y ;f £g^ 

il MAAAMi '„ All 

Baclofen {3mg/kg,i.v.) 

2 min 

, '^.T iJJJJJJj_JUUUUUUUUUU^ 

(cmHiO) qL. ^ 

Atropine (1mg/kg. i.v.) 
Fig. 2. Effects of various drugs on rhythmic bladder contractions in 
anesthetized rats. 



TABLE 1 

Effects of various drugs on rhythmic bladder contractions in anes- 
thetized rats. 

~ ~"EacTTvanje>epresVntsThe "mear7± of three to ^ six "rats. 



Drug 


Dose 


Disappearance 


Suppression of 




(mg/kg i.v.) 


lime (min) 


amplitude (%) a 


Inaperisone 


I 


2.1 ±0.9 


15.S± 2.5 






3J±U b 


16.7 ± 5.1 b 




4 


9.0 ± 1.5 c 


17.8 + 5.5 




8 


14.4 ± 3.2 e 


26.3 ± 9.6 


Oxybutynin 


Q.01 


< 2 


17.8 ±- 2.9 d 




U. I 


< 2 


45.1 ± 3.4 d 




1 


< 2 


54.8+ 3.2 d 




2 


2.4 ±1.3 b 


59.4 ± 4.8 b - d 




4 


3.8 ±L6 h 


66.8 ± 8.8 b * d 




S 


5.5 ± i .5 h - c 


60.2 ± 2.1 b - d 


Baclofen 


0.3 


<2 


3.3 ± 4.4 b 




1 


I1.S±1.0 C 


' 4.2 ± 1.3 




3 


28.3 ±l.S b - d 


4.5+ 4.6 b 


Atropine 


0.01 


< 2 


33.6 ± 6.0 b - d 




0.1 


< 2 


51.3±10.4 b d 




1 


< 2 


61.9+ 3.7 b * d 



a Percentage suppression of the amplitude of the rhythmic bladder 
contractions was determined after the amplitude had recovered, 
except in cases where the frequency was increased. b Value derived 
from the literature (Morikawa et aL 19SS. 1989a). c - d Significantly 
different from the control group (saline) at P < 0.05 and P < 0.01, 
respectively. . 

tude did not return to pretreatment levels (fig. 2 and 
table 1). 

Inaperisone (4 mg/kg i.v.) and baclofen (3 mg/kg 
i.v.), unlike oxybutynin (S mg/kg i.v.) and atropine (1 
mg/kg i.v.), barely inhibited the bladder tonus or blad- 
der contraction induced by peripheral stimulation of 
the pelvic nerve in anesthetized rats (table 2). 

In addition, inaperisone (10" 6 -10~ 4 M) and ba- 
clofen (10" 6 -10 -4 M), unlike oxybutynin (10" 8 -10- 5 
M) and atropine (10~ s -10 -5 M), barely inhibited the 
isolated bladder contraction induced by ACh (10~ 3 M) 
or KC1 (60 mM) (fig. 3). 

The rhythmic efferent discharges from the pelvic 
nerve that accompanied the rhythmic bladder contrac- 



TABLE 2 

Effects of various drugs on bladder tonus and bladder contraction 
indu ced by peripheral stimulation of the pelvic nerve in anest heti?^ 

rats. * " 



Each value represents the mean±S.E. of three to seven rats. 



Drug 



Dose Bladder tonus Bladder contraction 

(mg/kg Change in (peripheral stimulation 

i.v.) pressure of the pelvic nerve) 

(cm H 2 0) Suppression (%) 



Inaperisone 4 0.3 + 0,2 13.2 + 4.5 

Oxybutynin 8 -3.9±0.7 b 39.0± 1.3 b 

Baclofen 3 - 1 . 1 ± 0.4 * 6.4 + 2.8 

Atropine 1 ~1.0±0.6 27.2 ± 5.0 a 

ab Significantly different from the control group (saline) at P < 005 
and P < 0.01. respectively. 



tion in anesthetized rats were abolished by inaperisone 
(4 mg/kg i.v.) (fig. 4). Similar results were found in two 
other rats tested. The efferent discharges from the 
hypogastric nerve that accompanied the rhythmic blad- 
der contractions in anesthetized rats were barelv influ- 



100 



3? 



50 




0 L 



7 6 5 4 

Concentration (-logM) 

Fig. 3. Effects of inaperisone (o and •), oxybutynine (a and a). 
baclofen (a and ■) and atropine (v and t) on isolated bladder 
contractions induced by ACh OCT 3 M, open symbol) or KCI (60 
mM, closed symbol) in rats. Each point represents the mean + S.E. of 
four to eight strips. 
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Fig. 4. Effects of inaperisone on rhythmic efferent discharges from the pelvic nerve that accompanied rhythmic bladder contractions in 

anesthetized rats. 
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TABLE 3 

Effects of I.cv., i.t. and i.v. injections of inaperisone and baclofen on rhythmic bladder contractions in anesthetized rats. 
Each value repr esents the mean ± S.E. of four to six rats. 



Drug 



Dose 
<Mg/kg) 



Disappearance time (min) 



Inaperisone 



Baclofen 



Normal 



(1) 
(10) 
(100) 
(4000) 

(0.001) 
(0.01) 
(0.1) 
<3000> 



0.8 ±0.1 
5.5 ± 0.7 b 
12.6 ± 1.5 b 

1.5 ±05 
6.2 ± 0.8 b 
32.5 ±4.1 b 



1.3 ±0.7 
1.8 + 0.8 
10.4±1.1 b 



0.7 ±0.3 
3.9±1.2 b 
7.4 ±0.8 b 



9.0±1.5 1 



283 ±1.8 a ' c 



Decerebrated 



9. 7 ±2.5 1 



16.8±2.1 b 



^pttVer^ ^ HteratUrC (M ° rikaWa 61 ^ 1989a) ' ^ Significamly dlfferent from the contro < S™? (»«ne) at ?< 0.05 and P < 0.0!. 



enced by inaperisone (4 mg/kg i.v.) in three rats tested. 

The rhythmic bladder contractions in anesthetized 
rats with an intact CNS were abolished by inaperisone 
(10 and 100 fig i.cv.; 100 fig i.t.) and bacJofen (0.01 
and 0.1 fig i.cv.; i.t.) (table 3). The rhythmic bladder 
contractions in anesthetized rats without an intact CNS 
(intercolliculus-decerebrated rats) were also abolished 
by inaperisone (4 mg/kg i.v.) and baclofen (3 mg/kg 
i.v.) (table 3). 

The inhibitory effects of inaperisone (4 mg/kg i.v.) 
on the rhythmic bladder contractions in anesthetized 
rats were not diminished by pretreatment with nalox- 
one (1 mg/kg i.v.) or bicuculline (0.5 mg/kg i.v.), but 
were diminished by pretreatment with phaclofen (30 
mg/kg i.v.; 300 fig i.cv.) (figs. 5 and 6). The inhibitory 
effects of inaperisone (8 mg/kg i.v.; 10 and 100 fig 
i.cv.) were also diminished by pretreatment with pha- 
clofen (30 mg/kg i.v.; 300 fig i.cv.) (figs. 5 and 6). As 
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iSD Pretreatment with phaclofen 
(300pg. Lev.) 



rfi 




Inaperisone 
4 e 



Baclofen 
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10 100 



Baclofen Muscimol 

0.01 0.03 0.05 0.1 



(mi/kj.U.) <M. I.f.».> 

Fig. 6. Effects of pretreatment with phaclofen on the inaperisone-, 
baclofen- or muscimol-induced inhibition of rhythmic bladder con- 
tractions in anesthetized rats. Each bar represents the mean ± S.E. of 
four to five rats. *, ** Significantly different from the control group 
at P < 0.05 and P < 0.01, respectively. 
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Fig. 5. Effects of pretreatment with phaclofen, bicuculline and naloxone on the inaperisone-induced inhibition of rhythmic bladder contractions 
in anesthetized rats. Each bar represents the mean ±S.E. of four to six rats. *. * • Significantly different from the control group at P < 0.05 and 

P < 0.01, respectively. 
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8 7 6 5 4 3 

Concentration (-log M) 



Fig. 7. Displacements of [*'H]baclofen from rat brain synaptosomal 
membranes by inaperisone (o). baclofen (□) and phaclofen (■). 
Specific binding of 20 mM [ 3 H]bacIofen was determined with 100 
/iM unlabelled GABA. Each point represents the mean of three to 
five experiments performed in triplicate. 



shown in these figures, each dose of naloxone, bicu- 
culline and phaclofen used in this study inhibited the 
effects of morphine, muscimol and baclofen, respec- 
tively. Pretreatment with phaclofen (300 /ig i.c.v.) did 
not inhibit the effects of muscimol (0.05 and 0.1 fxg 
i.c.v.) (fig. 6). 

The specific binding of [ 3 H]bacIofen to rat brain 
"synaptosomal membranes, unlike that of baclofen 
(10- 8 -10- 5 M) and phaclofen (l(T 6 -l(r 3 M), was 
barely inhibited by inaperisone (10~ 6 -10~ 3 M) (fig. 7). 



4. Discussion 

Our results demonstrate that i.v. inaperisone, like 
baclofen, dose dependently abolished rhythmic bladder 
contractions in anesthetized rats. The results also show 
that i.v. inaperisone inhibited the rhythmic efferent 
discharges of the pelvic nerve innervating the bladder, 
which are responsible for the production of rhythmic 
bladder contractions (De Groat and Ryall, 1969; Sato 
et al. f 1975, 1977, 1980; Morikawa et al., 1989b). In 
addition, the hypogastric vesical nerve input did not 
--eontTibute-to-the-inaperispneMnducednnhibition-oHhe- 
rhythmic bladder contractions. Furthermore, in- 
aperisone, unlike oxybutynin and atropine, did not 
have an inhibitory effect on the bladder at the smooth 
muscle level. It is concluded from these results that 
inaperisone -inhibits rhythmic bladder contractions by 
inhibiting pelvic efferent nerve activity. 

The inhibitory effects of inaperisone, like those of 
baclofen, on these rhythmic bladder contractions are 
probably of central origin, since the effective dose of 
inaperisone was 100-fold smaller after i.c.v. than after 
systemic injection. In addition, the effective dose of 
inaperisone was 10-fold smaller after i.c.v. than after 
i.t. injection. . The main site of action of inaperisone 
would thus seem to be the micturition center of the 



rostral pons in the brainstem (De Groat, 1975). The 
. — disappea*anc^of4:-he^hy^mic^ 

intercolliculus-decerebrated rats and the rhythmic ef- 
ferent discharges of the pelvic nerve after injection of 
inaperisone would therefore result from its action . on 
the micturition center in the brainstem. The precise 
level of the central action of inaperisone is uncertain at 
this time and should be investigated further in the near 
future. 

In this study, since the inhibitory effects of in- 
aperisone on the rhythmic bladder contractions were 
qualitatively similar to those of baclofen, we attempted 
to examine the effects of pretreatment with certain 
drugs on the inaperisone-induced inhibition of the 
bladder contractions. For this investigation, we used 
phaclofen, a GABA B receptor antagonist (Kerr et al., 
1987), naloxone, an opioid receptor antagonist (Sillen 
et al. (1985) speculated that the inhibitory effects of 
baclofen were mediated through interference with opi- 
oid mechanisms), and bicuculline, a GABA A receptor 
antagonist. The inhibitory effects of inaperisone were 
not diminished by naloxone or bicuculline, but were 
diminished by phaclofen. Although relatively large 
doses of phaclofen (30 mg/kg i.v.; 300 ixg i.c.v.) were 
used in this study, .the demonstrated antagonism was 
hot unspecific, since phaclofen itself did not appear to 
have inherent excitatory properties, nor did it reverse 
the muscimol (GABA A receptor agonist)-induced inhi- 
bition of the rhythmic bladder contractions. Therefore, 
it would appear that inaperisone abolished the rhyth- 
mic bladder contractions in these anesthetized rats via 
GABA B receptors (among other possible mechanisms). 
Moreover, inaperisone, unlike baclofen or phaclofen, 
did not inhibit the specific binding of [ 3 H]baclofen to 
rat brain synaptosomal membranes. From these results, 
it can be concluded that inaperisone inhibits the mic- 
turition reflex by acting indirectly on GABA B recep- 
tors in the brainstem. The indirect mechanism of ac- 
tion of inaperisone is uncertain at present, and further 
studies are necessary to clarify it. 
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SUMMARY 

In this study we examined the effects of the drugs most commonly utilized in the 
therapy of overactive detrusor, on the volume-induced contractions of rat urinary 
bladder. Anticholinergics such as propantheline bromide and emepronium 
bromide, as well as oxybutynin decreased the amplitude of the voiding 
contractions after intravenous (i.v.) administration in a dose-dependent way. 
These anticholinergics, on the other hand, generally increased the frequency of the 
contractions. Nifedipine dose-dependently reduced the amplitude of the 
contractions. Flavoxate induced a dose-related decrease in the frequency without 
effects on the amplitude of the peaks. Its main metabolite 3-methylfiavone-S- 
carboxylic acid (MFCA) was inactive after i.v. administration. 

Terodiline was active on the amplitude and apparently on the frequency of the 
voiding contractions. The a-adrenoceptor antagonist prazosin, as well as 
indomethacin, inhibited only the frequency of the voiding contractions. All the 
drugs active in reducing the frequency of the voiding contractions after i.v. 
administration, proved effective also after intracerebroventricular (i.e. v.) 
injection. 

The model of the volume-induced contractions of rat urinary bladder, seems to 
be a useful tool to evaluate in vivo the effects of a compound on the -bladder, 
allowing the possibility of distinguishing among antimuscarinics and calcium 
antagonists, which peripherally decrease bladder contractility, and other drugs 
inducing a decrease in the frequency of the voiding reflex acting on the micturition 
centre(s) in the central nervous system (CNS). 

r 

Key words: rat urinary bladder, voiding contractions, micturition reflex, intra- 
cerebroventricular. 
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INTRODUCTION 

Ir. the last decade, disturbances of the func tion o f the lower u rinary tract have 
attracted increasing interest [1]. Drugs with a significant impact on the 
management of many forms of urinary incontinence and voiding dysfunction are 
currently utilized, but a long-term selective and side-effect-free treatment is still 
far from being available, encouraging the search of new substances for the 
treatment of urinary disturbances [2]. The laboratory studies which have supported 
the efficacy of many of the drugs commonly used for voiding dysfunction were 
performed mainly in vitro and are affected by the need to extrapolate these data to 
ir. vivo activity [3]. Adequate in vivo animal models are therefore needed for the 
screening of substances possibly effective in the treatment of urinary incontinence. 

In both animals and humans, micturition is initiated and maintained through the 
activation of a supraspinal vesico-vesical micturition reflex pathway, which can be 
monitored indirectly by recording the rhythmic, high amplitude intravesical 
pressure waves which occur when the bladder is distended and maintained under 
constant volume conditions [4-1 1]. 

In this study, we evaluated the usefulness of the volume-induced contractions . 
of rat urinary bladder model in terms of predictivity of drug efficacy, by 
evaluating the effects of the drugs most commonly utilized in the therapy of 
overactive detrusor, listed by Andersson [2]. Propantheline bromide and 
emepronium bromide were chosen as anticholinergics. Flavoxate and nifedipine 
were studied as examples of drugs with /direct* muscle effects, and oxybutynin 
and terodiline as drugs with 4 mixed' action (anticholinergic and calcium 
antagonist). We also studied the effects of prazosin as an a,-blocking agent and 
indomethacin as example of prostaglandin synthesis inhibitor, whereas papaverine 
and morphine were included as a general peripheral antispasmodic drug and a 
centrally active reference compound, respectively. 

, MATERIALS AND METHODS 

Animals 

Female Sprague-Dawley rats (Crl:CD° (SD) BR) from Charles River Italia, 
weighing 200-250 g, were housed 10 per cage, with food and water ad libitum and 
keprin an animal room at constant temperature of 22°C with a 12 h alternating 
light-dark cycle, for at least one week before utilization. 

Animal preparation and recording 

The studies were carried out according to the method reported originally by 
Dray [4] with some modifications. 

Rats were anaesthetized with subcutaneous urethane 1.25 g/kg (5 ml/kg). 

For intravenous (i.v.) injection, a PE 50 polyethylene tubing filled with 
physiological saline was inserted in the jugular vein. 

For intracerebroventricular (i.e. v.) administration, a stainless guide was 
implanted on the skull surface using a stereotaxic technique, 2 mm posterior to 
Bregma and 2 mm lateral from midline, and drugs were administered in volumes 
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of 2-20 fj\ via a Hamilton syringe connected to" the guide 4 mm in depth from the 
skull surface, according to Dray et aL [4]. 

The urinary bladder was c a t h eiexi7^ri^ J^^b^-i w-A m h y i kp nf pr 5P 

polyethylene tubing filled with physiological saline. 

The catheter was tied in place with a ligature around the external urethral 
orifice and intravesical pressure was measured by a conventional pressure 
transducer (Gould-Statham P23ID) and displayed continuously on a chart recorder 
(Battaglia-Rangoni). The bladder was filled via the recording catheter by 
incremental volumes of warmed (37°C) saline until spontaneous bladder 
contractions occurred (usually 0.5-1.0 ml) as a result of central activity. 
Spontaneous contractions were then recorded and occurred rhythmically and 
reproducibly for 2-3 h in individual animals. Two parameters were recorded from 
the cystometrogram: the frequency of voiding contractions calculated by counting 
the number of peaks/15 min of observation, and the mean amplitude of the 
contractions (height of the peaks in mmHg). 

Drug evaluation 

Drug activity, after i.v. administration, was assessed in individual animals 
against the background of spontaneous bladder contractions by recording the 
number and height of the peaks for 15 min after drug injection and comparing 
them with those previously recorded for 15 min after the intravenous 
administration of the vehicle alone. Drug activity after i.c.v. administration was 
assessed in a similar way, though pre-injection of vehicle was not performed. 
However, in control animals (w=20), no changes in frequency and amplitude of the 
voiding contractions were observed after the i.c.v. administration of the vehicle 
alone. 

Statistical analysis 

All the data were reported as mean±SEM. 

The statistical significance of the differences 'before' (frequency and amplitude 
of peaks recorded for 15 min) and 'after' drug administration, was assessed by 
Student's r-test for paired data [12]. Changes showing a probability P<0.01, were 
always considered significant. 

The all-or-none criterion was introduced to assess the drug activity on 
frequency and amplitude of the voiding contractions, by considering as positive 
the treatment-related variations >30% of the basal value. Quantal dose-response 
curves and ED 50 values were evaluated by the method of Bliss [13], computerized 
on Wang PC according to the indications reported by Rosiello et al. [14], 

(t 

Drugs 

Flavoxate hydrochloride, its main metabolite MFCA (3-methylflavone-8- 
carboxylic acid) and papaverine hydrochloride, were supplied by Recordati S.p.A., 
Italy. The other utilized drugs were synthesized in our laboratories or purchased 
from commercial sources. 

For i.v. administration, all the compounds were dissolved in saline with the 
exception of prazosin (distilled water) and nifedipine (4% iV,7V-dimethyl- 
formamide and 8% Tween 80 in distilled water). For i.c.v. injection, all the 
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compounds were dissolved in distilled water with the exception of prazosin that 
was solubiiized with 1% ^W-dimethylformamide and 1% Tween 80 in distilled 
water. 



RESULTS 

The rapid distension of the urinary bladder in urethane anaesthetized rats produced 
a series of rhythmic bladder voiding contractions whose characteristics have been 
described previously [4-7], By examining the cystometrograms of an elevated 
number of animals (222) we observed that the mean basal frequency of the voiding 
contractions was 0.73 peaks/min (1 1 peaks in 15 min of observation, range 6-24 
peaks). The range 8-16 peaks/15 min period was observed in 84% of the animals. 
The mean value of the amplitude of the basal peaks was 26 mmHg (range 
10-47 mmHg). 

On the cystometrograms, two different drugs-related effects were generally 
observed. Some drugs induced a decrease in the amplitude of the pressure peaks, 
matched as a rule with an increase of their frequency (Fig. 1, upper part). This 
reduction in amplitude quoted generally no more than 60% of the basal value. At 
higher doses, the drugs acting on the amplitude of the contractions gave a block of 
the voidings similar to that reported in the lower part of Fig. 1. When the 
contractions reappeared, however, their amplitude was lower than that shown in 
the basal observation period. 

Other drugs were active only on the frequency of the voidings, inducing a 
complete cessation of bladder contractions for a time period generally related to 




5 min 



Fig. 1. Typical tracing of the effects after i.v. administration of a drug inducing a decrease of 
the amplitude and increase of the frequency of the waves (upper trace) or a drug showing a 
block of the frequency (lower trace), of the voiding contractions. Arrows indicate the drug 
injection. 
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the administered dose. When the contractions reappeared, on the other hand, they 
were of the same amplitude of the basal value (Fig. 1 , lower part). 

A iiuc reduction of the frequency (increase ot the interval between two 
subsequent peaks) was only sporadically observed, irrespective of the drug 
administered. 

Different methods of evaluation of the effects of the drugs on cystometrogram 
were investigated. Owing to the maximal reduction observed in the amplitude of 
the contractions (60%). and to the high variability in the response among animals, 
we preferred to introd uce the quantal criterium reported in the Methods section to 
evaluate the ED 50 values on this parameter. This criterion was also utilized to 
quantify the effect on the frequency of the contractions, though other authors 
[4, 11, 15] utilized the period time of bladder quiescence to evaluate drug activity. 
In our experience, the time of quiescence as a parameter for drug evaluation was 
effective mainly after morphine administration (as reported by Dray [4]) or after 
i.c.v. administration, but its application was difficult after i.v. injection or when 
the effects of the other drugs were to be quantitatively assessed. We also tried to 
quantify the increase of frequency of the voiding contractions, by utilizing 
naloxone as the reference drug [9-1 1]. We found that the increase in the number 
of contractions is a phenomenon rapidly reaching a plateau, and no more than a 
30% increase can be observed, both after i.v. and i.c.v. administration (data not 
shown). We therefore considered as a positive effect a >15% increase of the 
frequency. 

The i.v. injection of increasing doses of the two most commonly utilized 
anticholinergics, propantheline bromide and emepronium bromide, induced a 
significant and dose-dependent decrease in the amplitude of the contractions (Fig. 
2). The maximum decrease observed was 53% after propantheline (0.03 mg/kg) 
and 47% after emepronium (0.3 mg/kg) injection. By increasing the doses of both 
compounds, no increase in the percent reduction of the amplitude of the voiding 
contractions was observed. The number of animals showing more than 30% 
reduction of peaks amplitude, however, increased after the injection of the highest 
doses of the drugs. 

The number of the peaks, on the other hand, was generally although not 
significantly increased. The proportion of animals showing a frequency increase 
more than 15% of the basal value was 4/10, 7/10, 6/10 and 3/5 after propantheline 
(0.003, 0.01, 0.03 and 0.1 mg/kg, respectively), and 0/7, 3/7, 5/6 and 3/5 after 
emepronium bromide (0.03, 0.1, 0.3 and 1 mg/kg, respectively). Some animals 
(four treated with different doses of propantheline and one with 0.03 mg/kg of 
emepronium) showed a partial block of the voidings, probably due to a complete 
inhibition of the muscarinic receptors in the bladder, since these animals showed 
also the highest reduction in the amplitude of the peaks when the rhythmic bladder 
contractions reappeared. 

The drugs classified by K.-E. Andersson [2] as drugs with 'direct' effects, 
namely flavoxate and nifedipine, behaved differently in this model. Flavoxate 
induced a dose-related decrease in the frequency of the voiding contractions (Fig. 
3), without effects on the amplitude of the peaks. The mean percent inhibition of 
the number of the peaks observed after the injection of the utilized doses of 
flavoxate was 4, 15, 39 and 52%, respectively. 
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Fig. 2. Effects of different i.v. doses of anticholinergics (propantheline bromide and 
emepronium bromide) on the frequency (upper part) and the amplitude (lower part) of the 
rhythmic bladder contractions. Bars represent the mean number of peaks (upper), or the mean 
height of th^ peaks (lower) with their se, recorded 'before' and 'after' drug injection. *=P< 
O.OI. The number of animals tested with each dose is reported in brackets. □, Before; after; 

V, SE. 



After nifedipine treatment, however, no animals showed a reduction >30% in 
the number of peaks, but four rats out of the ten tested at each dose-level showed 
frequency increases higher than 15%. Nifedipine dose-dependently decreased the 
amplitude of the contractions (Fig. 3) and the maximum observed reduction was 
37% at 1 mg/kg. Similar effecfs were obtained by nicardipine administration (data 
not shown). 

Oxybutynin and terodiline are generally reported as drugs with 'mixed' effects, 
both anticholinergics and calcium antagonists [2, 3], In the present model, 
oxybutynin showed effects similar to those of the anticholinergics (Fig. 4). The 
maximum percent reduction in the amplitude of the voiding contractions was 42% 
at 1 mg/kg. An increase in the frequency was observed in 2/6 animals treated with 
the lower doses, and in 6/13 at the highest tested dose. After 0.3 and 1 mg/kg, two 
rats showed a block of the contractions, owing to the reasons reported above. 
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Fig. 3. Effects of different i.v. doses of drugs with 'direct' effects (flavoxate and nifedipine) 
on the frequency (upper part) and the amplitude (lower part) of the rhythmic bladder 
contractions. Bars represent the mean number of peaks (upper), or the mean height of the peaks 
(lower) with their se, recorded 'before* and 'after* drug' injection. *=/ > <0.01. The number of 
animais tested with each dose is reported in brackets. Before; ■, after, V, se. 



Terodiline was apparently active both on the frequency and amplitude of the 
waves (Fig. 4). The maximal observed reduction in amplitude of the voidings was 
53%. After the administration of 1 and 3 mg/kg, 2/10 and 3/10 rats respectively, 
showed an increase >15% in the frequency of the voidings. Also, after 3 mg/kg, 
3/10 animals showed a block >30% of the voidings. It is difficult to ascribe the 
inhibition of the frequency observed after 10 mg/kg (9/10 treated) to an effect on 
this parameter or to a block of the muscarinic receptors that induces a complete 
suppression of the bladder contractions. On the other hand, when the peaks 
reappeared, their amplitude was generally lower than that shown in the basal 
observation period, suggesting that the effect of this compound could be similar to 
that of the antimuscarinics. 
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Fie. 4. Effects of different i.v. doses of drugs with 'mixed' actions (oxybutyntn and 
terodiline) on the frequency (upper part) and the amplitude (lower part) of the rhythmic bladder 
contractions. Bars represent the mean number of peaks (upper), or the mean height of the peaks 
(lower) with' their se, recorded 'before' and 'after' drug injection. *=/ > <0.01. The number of 
animals tested with each dose is reported in brackets. □. Before; ■, after, V, se. 



The a-adrenoceptor antagonist prazosin, as well as indomethacin, inhibited 
only the frequency of the voiding contractions. At the highest tested dose, these 
two compounds reduced by about 54% the number of peaks observed in the 
15 min period after the administration. In Fig. 5, the effects of prazosin and 
indomethacin are reported. 

The effects of papaverine (0.3-3.0 mg/kg), a general antispasmodic drug, and 
morphine (0.01-0.3 mg/kg), which can be considered the reference drug for this 
model as reported by Dray et al. [4, 9], were also investigated for comparative 
purposes. Both compounds inhibited only the frequency of the voiding 
contractions, reaching, at the highest tested dose, 67% and 83% of inhibition, 
respectively. At these doses, 12/12 and 10/10 animals showed a block ==30% of 
the voiding contractions. 
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Fig. 5. Effects of different i.v. doses of prazosin and indomethacin, on the frequency (upper 
part) and the amplitude (lower part) of the rhythmic bladder contractions. Bars represent the 
mean number of peaks (upper), or the mean height of the peaks (lower) with their se, recorded 
*before* anji 'after' drug injection. *=/ > <0.01. The number of animals tested with each dose is 
reported in brackets. Before; ■, after, V, se. 



Since flavoxate is very rapidly metabolized in vivo [16] to the corresponding 3- 
methylflavone-8-carboxylic acid (MFCA), a compound endowed with spasmolytic 
activity as previously reported [17], we also tested the effects of this metabolite. 
MFCA was devoid of any activity when injected up to 30 mg/kg. By utilizing the 
'all or none' criterion reported in the Methods section, the dose-response curves 
for the observed effects were constructed. The evaluated ED 50 values are 
summarized in Table I. 

The drugs acting on the frequency of the voiding contractions, were also tested 
after Lev. administration. All the" tested compounds were active after i.e. v. 
injection, whereas papaverine was devoid of activity up to 300 //g/rat. 

Flavoxate (10-300 //g/rat) dose-dependently reduced the frequency of the 
voiding contractions. After the injection of 100 and 300/zg/rat, this reduction was 
significant and quoted 39% and 49%, respectively. MFCA was also- active after 
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Table I 

In vivo effects after i.v. administration of different drugs, on volume-induced 

contractions of rat urinary bladder. 



Frequency Amplitude 



Propantheline bromide 


Increase' 3 ' 


0.006 (0.004-O.010) 


Emepronium bromide 


Increase 


0.10 (U.04— 0.24) 


Flavoxate 


2.65 (1.43^.91) 


n.a. up to 10.0 


Nifedipine 


Increase'" 


0.65 (0.10-^.90) 


Oxybutynin 


Increase'" 


0.24 (0.14-0.40) 


Terodiline 


4.35 (2.94-6.45) 


2.13 (1.38-3.29) 


Prazosin 


0.09 (0.06-0.14) 


N.a. up to 0.3 


Indomethacin 


0.51 (0.30-0.88) 


N.a. up to 1 .0 


Papaverine 


1.08 (0.81-1.45) 


N.a. up to 3.0 


Morphine 


0.03 (0.02-0.05) 


N.a. up to 0.3 


MFCA 


N.a. up to 30.0 


N.a. up to 30.0 



no dose-dependent effect; N.a., not active. Data represent the ED*, (in mg/kg, and 95% 
confidence limits) inhibiting the frequency and the amplitude of the contractions. 



i.c.v. injection of 30, 100 and 300 //g/rat, and the number of animals showing an 
inhibition >30% was 3/7, 6/10 and 5/10, respectively. 

Indomethacin (30-300 /yg/rat) and morphine (0.3-3.0 //g/rat) dose-dependently 
inhibited the voiding contractions. At the highest dose tested, 75% and 78% of 
inhibition, respectively, was observed. 

Prazosin (1-30 /ig/rat) was active at low doses, in comparison with flavoxate 
and indomethacin. A significant reduction in the frequency of the voiding 
contractions was observed only at the highest tested dose (79%; 6/6 animals 
showed inhibition >30%). However, after 3 and 10/yg/rat injection the number of 
animals showing an inhibition >30% was 4/10 for both doses, and the percent of 
inhibition of the frequency was 17% and 21%, respectively. 

In Fig. 6, the effects of flavoxate, prazosin, indomethacin and morphine are 
reported as examples. The ED 50 values calculated for this route of administration 
are summarized in Table II. 



DISCUSSION 

The main finding of this study is that drugs with different mechanisms of action 
can be distinguished by their differing behaviour in this experimental model. 

Anticholinergics like propantheline bromide and emepronium bromide, as well 
as oxybutynin and terodiline, decreased the amplitude of the voiding contractions 
in a dose-dependent way. This effect may be related to their antimuscarinic 
activity, as it correlates well with the affinity for bladder muscarinic receptors (Ki 
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Indomethoc^n ■ c v (pg/rot) Morphine i.cv. (pg/rot ) 

Fig. 6 Effects of different i.cv. doses of flavoxate, prazosin, indomethacin, and morphine on 
the frequency of the rhythmic bladder contractions. Bars represent the mean number of peaks 
with their s$, recorded 'before 1 and 'after' drug injection. *=/ > <0.0I. The number of animals 
tested with each dose is reported in brackets. □, Before; after, V, se. 



values were 2.1. 27 and 1805 nM for propantheline, oxybutynyn and terodiline 
respectively [18]). In a recent paper, moreover, Noronha-Blob et aL [19] also 
found a highly significant correlation among the potencies of drugs inhibiting in 
vitro carbachol-induced contractions of isolated guinea pig detrusor muscle and in 
vivo peak intravesical bladdef pressure in the guinea pig cystometrogram. The in 
vivo ED 50 values found by these authors after propantheline, oxybutynin and 
terodiline administration (0.012; 0.17 and 4.5 mg/kg, respectively), were closely 
similar to our data. On the other hand, these anticholinergics generally increased 
the frequency of the voiding contractions. This finding is in agreement with an 
increase of the frequency and suppression of amplitude of the contractions induced 
by atropine, as recently reported by Morikawa et aL [15]. 

A block of the muscarinic receptors at the bladder level decreases the efficiency 
of the cholinergic stimulus originated by the firing of the postganglionic 
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Table II 

In vivo effects after i.e. v. administration of different drugs, on the frequency 
of volume-induced contractions of rat urinarv bladder. 



Flavoxate 1 12 (37-338) 

Prazosin 7 (3.6-13.5) 

Indomethacin 57 (38-88) 

Papaverine N.a. up to 300 

Morphine 0.5 (0.2-1.1) 

MFCA - 53 (n.d.) 

N.a., not active; N.d., not determinable, poor dose-response relationship. 
Data represent the ED 50 in fjgjxau and 95% confidence limits. 



efferences, leading to a decrease in the contraction of the detrusor muscle [3]. 
Similarly nifedipine (and other calcium antagonists), by blocking the influx of 
extracellular calcium into the muscle cell, shared the effects with the 
.anticholinergics and decreased the amplitude of the voiding contractions. 

In contrast to anticholinergics and calcium antagonists, all the other tested 
drugs (and probably terodiline) induced a decrease or a block of the frequency of 
the voidings waves without effects on the amplitude of the contractions. Flavoxate 
and papaverine also behaved in this way, suggesting that in this model the 
peripheral antispasmodic activity (mainly a calcium-antagonistic activity) claimed 
as the mechanism of action of these drugs [20, 21], does not play an important role 
in determining the observed effects. The lack of antimuscarinic properties of 
flavoxate, which never reduced the pressure peaks' amplitude, was confirmed in 
this animal model, in agreement with our previously published data [22]. 

Since a block or a decrease in the frequency of the voiding contractions can be 
related to effects on the micturition centers [9-1 1], we also evaluated the activity 
of these drugs after i.e. v. administration. With the exception of papaverine, all of 
the drugs vyere active when directly injected into the left cerebral ventricle. 

Morphine was the most active compound, since it has been widely reported that 
inhibition of bladder contractions is under the control of the endogenous opioid 
peptides, and that this drug exerts its effects via an interaction with the fj and 5 
opioid receptors at supraspinal and spinal level [11, 23]. 

The value of or-adrenoceptor antagonists in the treatment of bladder 
hyperactivity is still to be established. However, in some patients with benign 
prostatic hypertrophy treated with phenoxybenzamine or prazosin, bladder 
instability was reduced or abolished, in addition to the relaxing effects on prostate 
and urethra [2], We found that the a-adrenoceptor antagonist prazosin proved 
potent when injected centrally (in comparison to the other tested drugs, with the 
exception of morphine). These findings are in agreement with the evidences of an 
involvement of noradrenaline in the regulation of bladder activity. It has been 
reported, in fact, that noradrenaline derived from the locus coeruleus activated 
preganglionic neurons in the sacral intermediolar nuclei via a x -receptors, thereby 
producing urinary bladder contraction [24-26]. 

We found that flavoxate and indomethacin were also active, although at high 
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doses; after i.c.v. administration, in agreement with the data previously reported 
by Monkawa et al. [21]. _ 

- Logins at the raUo betweefrt-hc cffeetive-doses-fEDjo) ofrtie tested drugs after 
i v. and i.c.v. administration, some considerations on the putative central effect of 
these drugs can be made. 

Morphine gave a ratio of 60, whereas papaverine (that resulted practically 
inactive when centrally administered) showed a ratio lower than 4. and this value 
for indomethac.n was 9. It is therefore conceivable that these two compounds act 
mostly at the bladder level directly on the bladder mechanoceptors located in 
series with the detrusor smooth muscles [6]. Flavoxate gave a ratio of ?4 
confirming that its action in this model can be related to an activity of the 
micturition centre, as previously reported f27j. The effects observed after the i c v 
injection of MFCA. in contrast to its inactivity after i.v. administration, run in the 
same direction, since flavoxate easily crosses the blood-brain barrier and is 
rapidly metabolized to MFCA. 

In this model, prazosin seems to act mainly as a peripheral agent, showing a 
ratio of 13. However, it has been reported [28] that it centrally interferes with the 
somatic control of the lower urinary tract in a different experimental condition 

It is difficult to establish whether or not the different effects observed in the 
present model can be related to a different clinical efficacy, clinical evaluations 
often being contradictory. Nevertheless, Cardozo and Stanton [29J, reported that 
only the acute parenteral administrations of emepronium bromide in humans, in 
contrast to flavoxate and imipramine, caused significant cystometric changes. 

Studies have been performed with prostaglandin inhibitors, which provide some 
symptomatic effects but were not shown to modify cystometry [3]. 

The administration of a-blockers generally induces a significant improvement 
in obstructive symptoms (frequency, urgency) such as that elicited by flavoxate 
[30]. These clinical observations could suggest that drugs acting on the frequency 
of the voiding contractions can improve the symptomatology joined with detrusor 
instability. 

In conclusion, the discussed model seems to be a useful tool to evaluate in vivo 
the effects of different drugs on the bladder, allowing the possibility of 
distinguishing between compounds that peripherally decrease the bladder 
contractility, and other drugs inducing a decrease in the frequency of the voiding 
reflex via action at the micturition centre(s). 
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